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PREFACE 

The  utter  luck  of  timo  .*it  our  disxxDsal  through  unique 
circumstauces  which  Avill  bo  explained  in  the  Preface  to  the 
SUM^IARY  REPOllT  OF  THE  TEACHING  OF  MA- 
THEMATICS m  JAPAN  prepared  by  myself  and  pul)lished 
conjointly  with  this  book,  will  account  for  very  many 
shortcomings  both  in  form  and  content  to  be  found  in  these 
Divisional  Ileports  now  lx)imd  in  one  vohune.  It  is  much 
to  be  regretted  that  our  best  intentions  were  forbidden  the 
support  of  our  best  energies.  Moreover,  in  the  work  of 
ti'anslating  the  Japanese  original  into  English,  far  gi'eater 
difficulties  were  experienced  than  were  anticipated,  and  indeed 
to  such  a  degree  as  would  l)e  almost  incredil^le  to  tliose  who 
had  no  hand  in  it. 

For  full  particulars,  the  reader  is  referred  to  the  Preface  to 
the  Summary  Report  mentioned  above. 

Pi.  FUJISAWA,   Chairman  of 
tlie  Jajxinese  Svh-Commission. 

Tokio,  June  1912. 
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THE  TEACHING  OF  MATHEMATICS 

IN 

ELEMENTARY  SCHOOLS. 

PART     I. 

PRESENT  CONDITION  OF  THE  ELEMENTARY 
EDUCATIONAL  SY8TE:M  AND  METHOD 

OF   TH]: 

TEACHING  or  MATHEMATICS. 

CHAPTER    I. 

Aim  and  Ivinds  ur  Eijementaey  Sc;hooi.s. 

SECTION  1.     Aim. 

Tlie  elementary  seliools  iii  Japan  are  established  in  ac- 
cordance with  State  enactments.  The  principal  aim  of 
elementary  school  education  is  laid  d()"\^'n  in  the  first  article 
of  the  Ordinance  I'elating  to  elementary  schools,  as  follows : — • 

"  The  principal  aim  of  elementary  schools  is  to  afford 
children  the  foundations  of  moral  and  civic  education  to- 
gether with  the  common  knowledge  and  abilities  necessmy 
for  ordinary  life,  care  l)eing  taken  at  the  same  time  of  tlieir 
X^hysical  development." 

The  citizens  of  Japan  should  receive  not  only  the  moral 
education  necessary  to  them  as  individuals,  but  also  an 
education  calculated  to  enable  them  to  realize  and  fulfil  tlieir 
responsibilities  as  citizens.     Moral  and  civic  education  is  so 
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vast  in  its  scope  that  it  cannot  be  attained  to  its  fall  extent 
in  tlie  inferior  grades  and  during  the  Hmited  period  given 
to  education  in  elementary  schools.  Hence  the  Ordinance 
I'elating  to  elementary  schools  states  that  the  principal  aim 
of  elementary  education  is  merely  to  lay  the  foundations  of 
moral  and  civic  education. 

SECTION  2.     Kinds  of  Elsmentary  Schools. 

TJie  elementiiry  schools  may  l)e  classified  in  various  ways 
according  to  diiferent  points  of  view. 

(1)     Classification  according  to  the  grade  of  the  curriculum. 

The  elementary  schools  are  divided  into  (wdinary  ele- 
mentary schools  and  higher  elementary  schools,  according 
to  the  grade  of  the  prescril)ed  curriculum.  Those  schools, 
whose  curriculum  covers  both  the  ordinary  and  the  higher 
elementary  school  grade,  are  called  ordinary  and  higher  ele- 
mentary schools.  The  ordinary  elementary  school  aims  at 
teaching  the  subjects  essentially  required  by  the  nation, 
and  the  education  therein  given  is  compulsory.  The  citizens 
<jf  Japan,  therefore,  whether  male  or  female,  are  coerced  to 
receive  this  education.  The  school  age  extends  o^'er  eight 
years  l)eginning  with  the  month  after  a  child  reaches  its 
sixth  year,  and  ending  with  the  month  in  which  it  attains 
its  fourteenth  year.  Children  are  required  to  attend  school 
from  the  beginning  of  the  school  year  immediately  following 
the  month  in  which  they  reach  their  school  age.  In  most 
scho:)]s,  the  school  year  extends  over  a  period  from  April  to 
March  of  the  following  year,  l)ut  in  a  few  among  the  30,000 
schools  of  the  Empire,  from  September  to  August  of  the  fol- 
lowing year.  When  a  child  reaches  its  school  age,  its  parents 
or  guardians  should  send  it  to  an  ordinary  elementary  school, 
and  they  are  responsible  for  its  completing  the  whole  course. 
(The  course  of  study  in  an  ordinaiy  elementary  school  is  six 
years).     It    is    also    a    duty    for    cities,    towns  or  villages  to 
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])i'()vi(lo  as  many  ordinary  elementary  soliools  as  are  needed 
to  accommodate  ilit>  clu'IdrcMi  of  sclia^l  age  residing  witliiii 
their  limits. 

The  higher  elementary  school  which  has  a  course  of  two 
or  three  years  is  for  childi-en  Avho  have  completed  the  ordi- 
nary elementary  school  com'se  and  aims  to  give  a  more 
advanced  general  education,  which  is  not  compulsory. 

(2)  C'lassification  according  to  the    sources   of  schfX)l  ex- 
penditm'es. 

I'jlementary  schools  are  divided  into  four  classes  accord- 
ing to  the  sources  of  their  revenues  :  (1)  elementary  schools 
estahlished  by  the  State,  (2)  those  established  by  a  prefec- 
ture, (3)  those  established  l)y  a  town,  ov  a  village,  and  (4) 
those  established  by  individuals. 

The  elementary  schools  Ijelonging  to  the  first  class  are 
those  attached  to  the  four  Higher  Normal  Schools  under  the 
direct  control  of  the  Department  of  Education,  and  the  ele- 
mentary school  course  of  the  Peei-s'  School  under  the  contiol 
of  the  Department  of  the  Imperial  Household.  The  ele- 
mentary schools  of  the  second  class  are  those  attached  to 
the  normal  schools  in  the  prefectures. 

(3)  Classification  according  to  organization. 

Elementary  schools  are  divided,  according  to  their  organi- 
zation of  classes,  into  one  class  or  more  than  one  ciLiss 
elementary  schools. 

CHAPTER    II. 

Courses  and  Subjects  of  Stody  ix  Etjcmentahy 

S('H(^OI.S. 
SECTION  1.     COU1S3S  of  Study. 

The  course  of  study    in   the    ordinary    elementary    school 
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extends  over  six  years,  and  in  tlie  liiglier    elementary  school 
over  two  or  three  years. 

SECTION  2.     Subjects  of  Study. 

The  subjects  of  study  in  the  ordinajy  elementary  school 
consist  of  morals,  Japanese  language,  arithmetic,  eTapanese 
history,  geography,  science,  drawing,  singing,  and  gymnastics. 
For  girls,  sewing  is  added.  According  to  local  circumstances, 
manual  training  ma.y  be  added.  The  subjects  of  study  in 
the  higher  elementary  school  contain  morals,  Japanese  lan- 
gimge,  arithmetic,  Japanese  history,  geogi-aph^^  science, 
drawing,  singing,  and  gynuiastics.  For  girls  sewing  is 
added.  One  or  more  of  such  subjects  as  English,  agriculture, 
commerce,  or   manual  training  may  also  be  added. 

SECTION  3.     Number  and  Distribution  of  Weekly  Periods. 

The  distribution  of  school  ]:)eri()ds  y)er  week  for  (>ach 
subject  is  as  follows  : — • 


(1)     For  the  ordinary  elementary  schools. 


""^^-^__^    Years. 
SubjectsT^""---^^^^^ 

I 

II 

III 

IV 

V 

VI 

Morals         .    . . 

2 
10 

5 

} 

(4 

o 

12 

G 

(4 

2 

14 

G 

1 

1 
3 

1 

'2 

14 

C 

1 

1 
3 

2 

2 

10 

4 

3 

2 

girls,  boys. 
1        2 

1 
3 

3 

2 

10 

4 

3 

2 

girls.  Iboys. 
1     1    2 

2 

3 

3 

Japanese      lan- 

gi^ftge   

Arithmetic 

Japanese  history 
Geography  .... 
Science    

Drawing 

Singing   

Gymnastics    . . 

Sewing    

Manual  training 

Total    

21 

24 

girls,  boys. 
2K       27 

girls. 
29 

boys. 

27 

girls. 
29 

boys. 
27 

girls. 
30 

boys. 
28 
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Di-ji-v\iiij?  may  be  tniiglit  for  one  period  a  week  in  tlio 
iirst  and  second  3'ear. 

Manual  training  may  be  assigned  one  peiiod  a  Meek  in 
the  first,  second,  and  tliird  year,  and  tAvo  periods  a  week  in 
the  fourth,  fifth,  and  sixth  year. 

In  the  above  mentioned  cases,  the  principal  of  the  school 
provides  the  periods  for  those  subjects  by  reducing  tlie  mim- 
ber  of  periods  for  otiier  sul)jects. 


(2)     For  the  higher  elementary  schools. 


(d)     Higher  elementixry  schools  of  a 
two  years'  course. 

(h)     Higher  elemc-ntar>-  schools 
of  a  three  years'  conrse. 

^                Years. 
Subjects.         -^^ 

I 

II 

I 

II 

m 

Momls 

Japanese  language 

.\rithmetic 

Japanese    history. 

Geogi-aphy 

Science    

Drawing 

Singing    

(Tymnustics    .... 

Sewing     

^lanual    training. 

Agriculture 

Commerce 

English    

2 

8 

4 

3 

girls.  Iboys. 

3     1     2 

1 

1 

3 

5 

girls,  boys. 
2     1     (i 
2          6 

[  2    !    r. 

girls. 
3 

girls. 
2 
2 

2 

2 
8 
4 

5 

boys. 
2 

1 

1 
3 

r> 

boys. 
6 
6 

6 

gills. 
'  3 

girls. 
2 
2 

2 
8 
4 

3 

boys. 

2 
1 

1 

3 

5 
boys. 

6 

6 

G 

girls. 
3 

girls. 
2 
2 

2 

2 
8 
4 

3 

boys. 
2 

1 

1 

3 

5 
boys. 

6 

6 

G 

girls. 

girls 
2 

2 

2 

2 

R 

boys. 
4 

2 

5 

1 
1 

i 

7 
boys. 

6 

6 

('> 

Total    

girls. 
32 

boys. 

ao 

girls. 
32 

boys. 
30 

girls,  boys. 
32        30 

girls,  boys. 
32        3(t 

girls. 
32 

boys. 
30 

SECTION  4.     Number  of  School  'Weeks  in  the  Year. 

The  number  of  school  Avceks  in  the  xl-hv  is  about  40. 
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The  school  jenr  is  geiierall}'  divided  into  three  terms. 
The  Slimmer  vacation  extends  over  40  days  from  the  latter 
part  of  July  to  the  end  of  August,  and  the  winter  vacation, 
over  14  days  from  Dec.  25th  to  Jan.  7th  of  the  following 
year. 

The  iii'st  term,  therefore,  covers  al)out  15  weeks  from 
the  beginning  of  the  school  year  to  the  summer  vacation  ; 
the  second  term,  al)out  16  weeks  beginning  immediatel.^' 
after  the  summer  vacation  and  ending  when  the  winter 
vacation  begins  :  and  the  third  term,  alK)ut  10  weeks  from 
the  close  of  the  winter  vacation  to  tlie  end  of  the  school 
3'ear. 

CHAPTER    III. 

AijM  and  Subject-Mattek  of  Mathematical  Insteuctiox. 

SECTION  1.     Aim. 

Section  1  of  Article  TV  of  the  Ilules  for  Teacliing  in 
Elementary  Schools,  prescribes  as  follows :  — 

"  The  aim  of  arithmetic  is  to  make  children  i)roficient  in 
daily  computations,  to  give  them  the  knowledge  necessary  for 
ordinary  life,  and  to  train  them  in  accurate  thinking." 

Thus  it  may  be  said  that  in  making  children  proficient 
in  daily  computations  and  in  giving  them  the  knowledge 
necessary  for  ordinary  life,  the  so-called  substantial  culture 
is  aimed  at,  whilst,  in  rendering  their  thinking  sound  and 
accurate,  formal  culture  is  imparted. 

SECTION  2.     Subject- Matter. 

The  extent  and  arrangement  of  the  subject-matter  is 
summarized  as  follows  : — 

(1)     (Ordinary  elementary  schools. 
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Years. 

Terms. 

Topics  of  teiichiiig. 

I 

1 

Numeration  and  notation  (up  to  ten). 
Addition    and     siabtraction    with    numbers    under    ten 
(mentnl). 

2 

Numeration  and  notation   (u])  to  twenty). 
Addition  and  subtraction  with    numbers    under    twenty 
(raenbil). 

3 

Numeration  and  not.ation  (up  to  one  hundred). 
Simple  mirltiplication  and  division  (mental). 

n 

1 

Addition    and    subtraction    with    numbers     under    one 

hnntlred  (mentixl). 
Numeration  and  notation  (up  to  one  thousand). 

2 

Multiplication  (mental). 

3 

Division  (mental). 

ill 

1 

Numeration  and  notation  (less  than  ten  thousjind). 
Addition  and  subtraction  (mentiil  and  written). 

2 

Miiltiiilication  (mental  and  written). 

3 

Division  (mental  and  written). 

JX 

1 

Numeration  and  notation  (less  than  one  hundred  millions). 
Addition,  subtraction,  multiplication,  and  division. 

2 

Computation  of  compound  numbers. 

3 

Numeration  and  notation  of  decimsils. 
Addition,    sal)traction,    multiplication,    and    division    of 
decimals. 

Y 

1 

Numeration  and  notation  (in  general). 

Addition,     subtraction,      multiplication,      and      division 

(integers  and  decimals). 
Computation  of  decimal  c\)nipoan<l  numbers, 
ilensuration. 

2 

Computation  of  compound  numbers. 
Mensuration. 

3 

Metric  system  of  weights  and  measures. 
Foreign  systenis  of  weights  and   measures. 
Mensuration. 

YI 

1 

Numeration  and  notation  of  fractions. 
Addition,    subtrixctioii,    multiplication,    and    division    of 
fractions. 

2 

Eatio. 
Percentage. 

3 

Review. 
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(2)     Higher  elementary  schools. 
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Years, 

Tenns. 

Topics  of  teiicliing. 

I 

1 

Integers. 

Decimals. 

f  Metric  system.             ,,,  .  ,,        , 
crj,   1     ;             4.„„       Weignts  ana 

(Time,  money. 

2 

1  Common  measures. 
Fractions  -,  Common  multiples. 

'  The  four  rules  of  fractions. 
Percentage. 
Taxes. 
Percentage-' Public  loans. 
Stocks. 
'' Simple  and  compound  interest. 

3 

j  Direct  proportion. 
Proportion  \  Inverse  proportion. 
'  Proportion.'il  parts. 

n 

1 

(Direct  proportion. 
Proportion  j  Inverse  ]>r(jportion. 

^  Cjomponnd  proportion. 

2 

/  Four  rules  of  integers,  decimals  and  fractions. 
S  TTiTYiarv    Computation     of    compound    numbers    and 
'  ^^    ,•          1      mensuration, 
redrew     r^^pg^  angles,  latitude,  longitude,   and   stand- 

V     ard  time. 

3 

Summary  |  Propoitions. 
review     ( Percentjige. 

III 

1 

/Rectangle,  triangle,  squiure  root. 

Mens,ir...iion    P^^^^^f  ^^'^^^-    ' 
Rhombus. 

I  Trapezoid,  jiolygon. 

2 

Mensuration- 

Circumference  and  diameter  of  circle. 

Rectangular  parallelopiped,  cube  root, 
prism,  circulitr  cylinder,  pyramid,  cir- 
cular cone,  frustum  of  pyramid,  frus- 
tum of  circular  cone. 

3 

Review  - 

Four  rules. 

Proportions. 

Percentage. 

Interest. 

Arithmetical  progression. 

Geometrical  progression. 
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SECTION  3.     Text-Books. 

For  use  in  all  the  elementary  schools  in  the  Empire  the 
Department  of  Eihication  compik^s  and  pubhshes  the  text- 
l)Ooks  in  aocordance  with  the  apportionment  of  subject-matters 
prescribed  in  the  Ordinance  relating  to  elementary  schools. 
Tliose  on  arithmetic  are  divided  into  tAvo  kinds,  one  for 
teachers  and  the  other  for  pupils.  The  former  consist  of 
one  volume  for  (>ach  year,  while  among  the  latter  those 
for  the  first  and  the  second  year  of  ordinary  elementary 
schools  are  lacking.  The  text-lwx^ks  for  the  pupils  contain 
a  summary  of  the  su]3Ject-matter  and  exercises.  The  books 
for  tlie  teachers  have  two  columns  on  each  page,  the  one 
containing  exactly  the  same  matter  as  the  text-books  for 
])upils,  and  tlie  other  containing  important  helps  for  teach- 
ing, methods  of  explanation,  suggestions  to  teachers,  and 
practical  jwoblems,  similar  to  those  in  the  pupils'  ,lxx)ks, 
thus  hel]iing  the  teachers  in  their  work. 

All  the  elementary  schools  in  the  Empire  ai'e  obliged  to 
us(?  these  text-books  and  the  pupils  must  jwssess  them. 
However,  according  to  circumstances,  each  school  is  at  liberty 
to  omit  some  of  the  sul)ject-matter  contained  in  these  text- 
lx)oks,  provided  the  main  scheme  is  adhered  to. 

SECTION  4.     Details  of  Teaching. 

Tjich  school,  ()l)serving  the  provisions  of  the  Ordinance 
relating  to  elementary  schools,  prepares  a  ]Aiin  of  teaching 
by  appoiiioning  the  details  of  the  subjects  contaijied  in  the 
state  text-lKKjks,  to  their  respective  periods.  We  call  this 
the  details  of  teaching.  These  details  of  teaching  are  not 
uniform  in  all  the  schools,  liut  the  items  contained  are  the 
toj>ics  of  teaching  and  the  immber  of  ]^)eri(Kls  assigned  to 
them.  Li  addition,  suggestions  for  teaching,  teaching  appli- 
ances, reference-lxH)ks,  and  items  connected  with  other 
subjects  are  also  recorded  therein.  B}''  way  of  example 
we  insert  here  the  details    of    t(»achinf>:  in  arithmetic  in  the 
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Elementaiy  School  attached  to  the  Tokyo  Higher  Normal 
School. 

Firet  Year  of  the  ordinai'y  couree. 

First  Term.     Estimated  teaclnng  liours  :  44. 

Numeration  and  2iotation  of  numbers  under  ten ;  their 
addition  and  subtraction. 


Weeks. 

Topics  of  teufbiiif^. 

Hours.      '^'^f^^^S  appliances 
and  reference-books. 

I     ColloquL'il  conntiag  by  c<illiDg 

about       Pebbles. 

1 

hitotsti  (one),  futatsu  (two). 

2  hours,    balls. 

(1)     from  one  to  five. 

(1) 

Counters,  beans. 

(2)     from  one  to  ten. 

(1) 

Flowers,  dumb-bells. 

2 

N.  B. — (1)     Begin  by  jisking  the  chiklren  their  own  age,   the 

age  or  number  of  tlie  memliers  of  their  family.     Teach  them  to 

count  by  means  of  objects,  chsirts,    or    sounds,    .ind   perfect    the 

children's  ability  of  counting  already  possessed  previous    to   the 

teaching  of  arithmetic  jiroper. 

(2)     This    method   gives    the    chikhen  some  vague  notion  of 

numbers   under  ten.     Begin    first    with    counting    objects,    then 

lead  children  to  count  indej)endently  of  objects. 

(3)     Ten  pieces  of  ajunters  are  necessary  for  the  use  of  each 

child. 

II     To  add  one  to  numbers  under 

about 

nine. 

1  hour. 

in    To  add  two  to  numbers  un- 

about 

der  five. 

2  hoiirs. 

(1)     To  add  two  to  one,  two,  three. 

(1) 

Bells, 

(2)     To  add  two  to  four,  five. 

"  otedama  "       (small 
Iwgs       tilled       with 
beans     usetl     in     tx 
girls'  gjimel,   Ac. 

(3)     Exercises  in  the  above. 

(1) 

rV'     To    add    three    to    numbers 

about 

under  five. 

2  hours. 

(1)     To   add    three    to  one,   two. 

three. 

(1) 

E^s,  boxes,  Ac. 

3 

(2)     To  add  three  to  four,  five. 

(3)     Exercises  in  the  above. 

(1) 

AliT.    I.] 
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Weeks. 


Topics  of  teachiiig. 


Hours. 


TencliinR  appliinces 
and  rofereuce-lxjoks. 


"N'     To  add  four  to  numbers  under 
five. 

(1)  To    add    funr    to    one,    two, 
three. 

(2)  To  add  four  to  four,  five. 

(3)  Exercises  in  the  above. 

TI     To     add    five,     to     numbers 
under  five. 

(1)  To    add    five    to    one,    two, 
three,  four. 

(2)  To  add  five  to  five. 

(3)  Exercises  in  the  above. 


about 
2  hours. 

(1) 
(1) 

about 
2  hoin:s. 

(1) 
(1) 


Dolls,  ri.ngs,  Arc. 


N.  1>. — (1)  As  among  all  additions  with  numbers  under  ten. 
children  find  it  most  difficvilt  to  add  four  to  five  and  five  to  four, 
it  is  necessary  from  the  outset  to  give  a  very  clesir  conception 
regarding  it. 

(2)  As  adding  five  to  five  is  most  frequently  needed  in 
various  computations,  children  should  be  trained  to  become 
familiar, with  it. 

(3)  Children  should  be  led  iudirectly  to  understan.l  that  in 
adding  the  sum  does  not  vary  when  the  arrangement  of  the 
niimbers  to  be  sulded  is  changed  in  any  way. 


YII    Formjil  counting  by  trailing 
one,  two  (with  suffixes). 

(1)  from  one  to  ten. 

(2)  Exercises  in  the  above. 


I  Thick  paper. 
2  hours.     Ordinary   jiapar. 


(1) 

(1) 


Boards,  x'cncils, 
slate  pencDs. 
chopsticks,  \'c. 


X.  B. — (1)  At  first  teach  children  to  count  by  means  of  those 
things  that  are  to  be  counted  by  sheets  or  piei-es,  and  later 
teach  them  to  count  unaided  by  objects. 

(2)  This  should  be  done  in  close  conner.tion  with  the  i^re- 
viously  practiced  method  of  colloquial  counting  as  hitotsv, 
futatsu. 

(3)  Attention  is  to  be  called  to  the  fact  tliat  when  the  unit 
names  of  things  are  atb\che<l  to  numbers,  there  sometimes  occurs 
a    phonetic    change    in    the    reading    of    the    resulting    concrete 


12 


ELEMENTARY  SCHOOLS 


[ART.    I. 


numbers.     For  example,  when  we 

say  one 

piece,    six   jneces  or  1 

ten  pieces,  we  shonlcl  say   for   the    sake   of  euphony,    •'  ippon," 

"  roppon,"  "  jippon,"  instead  of  saying  "  ichi  hon  "  (one   piece). 

"  roku  hon  "  (six  pieces)  or  "  ju  hon  "  (ten  pieces). 

Weeks. 

Topics  of  teaching. 

Hours. 

Teaching  appliances 
and  reference-books. 

YIII     To    add    two    to   numbers 

about 

5 

above  six. 

IJ  hours. 

Pictures, 

(1)     To  add    two    to  six,    seven, 

'  (1) 

picture  cards. 

eight. 

pens. 

(2)     Exercises  in  the  above. 

(.5) 

Drawings. 
Flags. 

IX     To    iuld    three    or     foiur    to 

numbers  above  six. 

IJ  hours. 

(1)     To  add  three  to  six,  seven. 

(1) 

(2)    To  add  four  to  six. 

(3)     Exercises  in  the  above. 

(.5) 

X     To  add  six,  seven,   eight,    or 

about 

nine. 

3  hours. 

(1)    To  add  six  to  one,  two,  three, 

G 

or  four. 
(2)     To  add   seven   to  one,    two, 
three. 

(1) 

(3)     To  add  eight  to  one,  two. 

(I) 

(4)     To  add  nine  to  one. 

(5)     Exercises  in  the  above. 

(1) 

XI    To   denote    numbers    under 

about 

ten  in  figures. 

5  hours. 

(1)     To  denote  1  and  2. 

(1) 

7 

(2)      „        „       3     „     4. 

(I) 

(3)      „         „        5     „     6. 

(1) 

(4)      ,.         „       7     „     8. 

(1) 

8 

(5)      „         „        i)     „    10. 

(1) 

N.  li." — 10  should  be  taught  merely  as  tigure. 

XII     To   compare    two    numbers 

about 

in   the  relation  of  greater-and- 

\  hour. 

smaller. 
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N.  B. — (1)  Children  nre  to  l>e  prepareil  for  exercises  in  sub- 
traction by  ncquiriag  an  ixccurute  conception  of  the  relation  of 
numbers  as  greater -and-smaller. 

(2)  Let  children  be  informed  of  the  soriil  order  of  numbers 
from  one  to  ten,  so  that  they  may  ejisily  recognize  where  eiich 
number  stands. 


Weeks. 


Toj)ics  of  teaching. 


Hours. 


Teaching  appliances 
and  reference-books. 


10 


11 


XIII  To  subtract  one,  two. 
(1)         „  ,,  one. 

C^)         „  „         two. 

(3)     Exercises  in  the  above. 

N.  B. — This  instruction  should 
with  exercises  in  addition. 

XIV  To  subtract  three. 

(1)  To  subtract  three  from  ten, 
nine,  eight,  seven,  six,  five  or 
four. 

(2)  Exercises  in  the  above. 

X^'     To  subtract  four. 

(1)  To  subtract  four  from  ten, 
nine,  eight,  seven,  six,  five. 

(2)  Exeicises  in  the  above. 

XVI  To  subtract  five. 

(1)  To  subtract  five  from  ten, 
nine,  eight,  seven,  six. 

(2)  Exercises  in  the  above. 

XVII  To  subtract  six. 

(1)  To  subtract  six  from  ten, 
nine,  eight,  seven. 

(2)  Exercises  in  the  above. 

XVin     To  Rxabtnict  seven,  eight, 

nine. 
(1)     To  subtract  seven  from  ten, 

nine,  eight. 


about 

2  J  hours 

(.5) 

(1) 

(1) 


always  be  given  in  connection 


about 
2  hours. 

about 
Ij  hours. 

"(.5) 

about 
2  hours. 

al)0ut 
li  hours. 

-(.5) 

about 
1 1  hours. 

(1) 

{.:■>) 

about 
1 J  hours. 

(.5) 

about 
2  hours. 


Text-books. 
Note-books. 

ricture-l><)oks,  Ac. 


u 


ELEMENTARY  SCHOOLS 


[art.  I. 


Weeks. 

Tollies  of  teaching. 

Hours. 

Teaching  appliances 
and  reference-books. 

(2)    To  subtract  eight  from  ten, 

nine. 

(1.5) 

(3)     To  sixbtract  nine  from  ten. 

(4)     Exercises  in  the  above. 

(.5) 

XIX     Zero,     i.  e.,    the  difference 

.about 

between  two  equal  niniibeis. 

1  hour. 

12 

XX     Chinese  characters  rlenoting 

about 

numbers  from  one  to  ten. 

3  hours. 

(1)     To  denote  one,    two.    three, 

four. 

(1) 

(2)      „         „         five,  six,  seven. 

(1) 

(3)      „         „         eight,  nine,  ten. 

(1) 

K.  B. — The    conception    of    nought    should   be  explained  and 

its  symbol  0  be  tjmght. 

13 

XXI     Review. 

.about 
6  hours. 

Second  Term.     Estimated  teacliing  hours:  aljout  48. 
Numeration    and    notation    of    numljers    under  20;    tlieir 
addition  and  subtraction. 


Weeks. 

Topics  of  teaching. 

Hours. 

Teaching  appliances 
and  reference- books. 

I     Chinese   figiures   denoting  nu- 

about 

meration  and  notation  of  num- 

2 hours. 

bers  from  11  to  ID. 

( 1 )     Numeration  of  numbers  from 

11  to  19. 

(1) 

(2)     Chinese  chiiracters  represent- 

1 

ing  these   numbers   and   exer- 

cises in  the  above. 

(1) 

N.  B. — (1)     In    teaching    the    numeration    of   numbers,    care 

should  be  taken  to  develop  in  the  minds  of  children  the  funda- 

mental idea  of  numeration. 
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(2)  It  is  n<)t  goal  to  \irge  children  to  be  quick  in  inverse 
coraputntion.  For,  if  the  idea  of  the  seriiil  order  of  natunil 
numbers  be  clenrly  given  by  meixns  of  direct  computation,  it 
will  be  easy  to  commit  it  to  memory. 


Weeks. 


Topics  of  teaching. 


II    To  add  one,  two,  three. 

(1)  To  add    one    to    eleven, 
eighteen. 

(2)  To   add    two    to  eleven  . , 
seventeen. 

(3)  To  add  threa  to  eleven  , 
sixteen. 

(4)  Exercises  in  the  above. 


N.  B. — (])  Lead  children  to  assimilate  the  previously  ac- 
quired conceptions,  and  to  understand  and  remember  them 
clearly. 

(2)     Let  the  process  of  computation  be  made  as  follows:  — 
15+2  =  5+2  +  10. 


Horn's. 


about 
2  hours. 

(1) 


Teaching  applmnces 
and  reference -books. 


ni    To  add  four,  five,  six,  seven, 
eight. 

(1)  To   add    four   to  eleven 

fifteen. 

(2)  To   add    five   to  eleven .... 
fourteen. 

(3)  To   add    six    to    eleven 

thirteen. 

(4)  To  add  seven  to  eleven 

twelve. 

(5)  To  add  eight  to  eleven. 

(6)  Exercises  in  the  above. 

IV     To      add      numbers      above 
eleven. 

(1)  To   add    eleven    to   one.... 
eight. 

(2)  To   add   twelve   to  one 

seven. 

(3)  To  add  thirteen   to  one 

six. 


.about 
3  hours. 


(1) 
(1) 

about 
2  hours. 


(1) 
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Weeks. 


Topics  of  teaching. 


Hours. 


Teaching  appliances 
and  reference-books. 


(4)  To  add  foiorteea  to  one.... 
five. 

(5)  To   add    fifteen    to   one.... 
four. 

(6)  To  add    sixteen    to  one.... 
three. 

(7)  To  add  seventeen  to  one 

two. 

(8)  To  add  eighteen  to  one. 

V    Notation    of    numbers    from 
ten  to  nineteen. 

( 1 )  Notation  of  1 19. 

(2)  Exercises  in  the  above. 


(1) 

about 
2  hours. 

(1) 
(1) 


N.  B. — Children  should  first  be  taught  the  notation  of  num- 
bers from  ten  to  about  thirteen,  and  then  be  led  to  know  the 
rest  by  indiiction. 

(2)  Children's  attention  should  be  called  to  the  method  of 
denoting  the  number  ten  by  putting  the  figure  one  as  the  higher 
digit,  and  nought  as  the  lower  digit. 

Let  them  compare  with  this  such  numbers  as  12,  13. 

(3)  As  figures  stand  for  different  values,  according  to  their 
positions,  care  should  be  taken  in  the  notation  of  numbers 
greater  than  ten,  and  the  figures  standing  in  the  unit  place 
should  be  properly  arranged.  Also  in  the  notation  of  more  than 
two  numbers  in  succession,  the  children  should  be  taught  to 
leave  a  regular  space  between  every  two  numbers. 


YI  To  compare  two  numbers  in 
the  relation  of  greater-and- 
smaller. 


about 
1  hour. 


N.  B. — The  aim  of  comparing  two  numbers  in  the  relation 
of  greater-and-smaller  is  to  lay  the  foundation  for  subtraction 
by  affording  the  conception  of  the  said  relation. 


YII    To  subtract  one,  two,  three. 
(1)     To  subtract  one   from  nine- 
teen ....  twelve. 


about 
2  hours. 
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^Veeks. 


Topics  of  teaching. 


(2)     To  suV)trfict  two  from  nine- 

teeu. . .  .thirteen. 
(".?)     To  subtract  three  from  niiie- 

teen ....  fourteen. 
(4)     Exercises  in  the  above. 


Hours. 


(1) 


Teaching  appliances 
and  reference-books. 


N.  B.- — Let  the  process  of  computation  be  made  as  follows : — 
15-2  =  5-2  +  10. 


YIII  To  subtract  toxvc,  five,  six, 
seven,  eight. 

(1)  To  subtract  four  from  nine- 
teen  fifteen. 

(2)  To  subtract  five  from  nine- 
teen. . .  .sixteen. 

(3)  To  subtract  six  from  nine- 
teen. . .  .seventeen. 

(i)  To  subtracrt  seven  from  nine- 
teen, eighteen. 

(5)  To  subtract  eight  from  nine- 
teen. 

(fi)     Exercises  in  the  above. 

IX  To  find  the  difference  l)e- 
tween  two  numbers. 

(1)  Difference  between  one  and 
two. . .  .nineteen. 

(2)  Difference  between  two  and 
three ....  nineteen. 

(3)  Difference  between  three 
and  four. . .  .nineteen. 

(4)  Difference  between  four  and 
five. . .  .nineteen. 

(5)  Difference  between  five  and 
six. .  ..nineteen. 

(6)  Difference  between  six  and 
seven. . .  .nineteen. 

(7)  Difference  between  seven 
and  eight. . .  .nineteen. 

(8)  Difference  between  eight  and 
nine ....  nineteen. 


about 
2  hours. 


(1) 


(1) 

about 
2  hours. 


(1) 


18 


ELEMENTARY  SCHOOLS 


[ART.    I. 


Weeks. 

Topk-s  of  teaching. 

Hours. 

Teaching  appliances 
and  reference-books. 

(9)     Difference  between  nine  iind 

ten nineteen. 

(10)     Exercises  in  the  ixlxjve. 

(1) 

N.B.— (1)     Children  shoiild  first  be  taught  to  find  the  differ- 

ence   of    two  numbers,    by    comparing    them    with    the   help  of 

counters  or  objects.      When    they    have    learned  this,   then  they 

should  be  drilled  with  abstract  numbers. 

(2)     By  showing  the  series  of  numbers,    children   should   be 

drilled  in  finding  the  difference  between    any    two  numbers   se- 

lected   from    the    series.     (Diagram    showing    the   serial  order  of 

numbers). 

7 

X     Addition  in  which  the  result 
of  adding  a  simple  number  to 

nine  or  eight  becomes  a  num- 

about 

ber  above  eleven. 

4  homs. 

(1)     To  add  two,  three,  four,  five 

to  nine. 

(1) 

(2)     To    add    six,    seven,    eight, 

nine  to  nine. 

(1) 

(3)     To  add  three,  four,  five,   six 

to  eight. 

(1) 

(4)     To   add    seven,    eight,    nine 

to  eight. 

(1) 

XI    Addition  in  which  the  result 

of  adding  a  simple  number  to 

seven,  six  becomes   a  number 

about 

above  eleven. 

3  hours. 

8 

(1)     To  add  four,  five,  six,  seven, 

eight,  nine  to  seven. 

(1) 

(2)     To  add  five,  six,  seven,  eight. 

nine  to  six. 

(1) 

(3)     Exercises  in  the  above. 

(1) 

N.  B. — Children  should  be    taught   t(j    express    in    words    the 

process  of  computation. 

For   example,    in    expressing    9  +  5  =  14,    they     should    say: 

"  We  separate  the  five  into  one  and  four,  then  add   the   one   to 

nine,  and  get  ten.     By  adding  the    four    to   this  ten,  we  obtain 

fomteen." 

1 
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Weeks. 

Topics  of  tsficbing. 

Hours. 

Teaching  appliances 
and  referenoe-books. 

9 

XII     AdditioQ  in  which    the    re- 

about 

sult  of  adding  n  simple  num- 

2 hours. 

ber  to  fiv(\  four  becomes  some 

number  al)ove  eleven. 

(1)     To    add    six,    seven,    eight. 

nine  to  five. 

(1) 

(2)     To  add  seven,  eight,  nine  to 

four. 

(1) 

XIII     Addition  in   which  the  re- 

about 

sult  of  ad<ling  a  simple  num- 

2 hours. 

ber    to    three,     two    l>eoomes 

some  number  above  eleven. 

10 

(1)    To  ufld  eight,  nine  to  three. 

(1) 

(2)      „      „    nine  to  two. 

(1) 

(3)     Exercises  in  the  above. 

X.  13. — The  i)rocefis  of  computation  is  the  same  as  in  lulding 

to  a  simple  number  any  smiUer  number  than   the  above. 

11 

XIV     Subtraction    in   which   the 

about 

result  of  subtracting  two,  three 

1  hour. 

bocomes  .a  simple  nutnber. 

XV     Subtraction    in    which    the 

about 

result  of  subtracting  four,   five 

2  hours. 

becomes  a  simple  number. 

(1)     To  subtract  four  from  eleven 

thirteen. 

(1) 

(2)     To  subtract  five  from  eleven 

....  f  oiirteen . 

(I) 

12 

XM     Subtr.iction    in    which  the 

about 

result  of  subtmcting  six,  seven 

3  hours. 

becomes  a  simple  number. 

(1)     To  subtract  six  from  eleven 

.  ...fifteen. 

(1) 

(2)     To  svibtract  seven  from  ele- 

' 

ven.  ..  .sixteen. 

(1) 

(3)    Exercises  in  the  above. 

(1) 

, 
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Weeks. 


N.  13. — Chihlren    shonkl    be    taught   to  express    in    worcls  the 
process  of  computation. 


Toipcs  of  teaching. 


Hours. 


Teaching  appliances 
and  reference-books. 


13 


11 


XVII  Subtraction  in  which  the 
result  of  subtracting  nine, 
eight  becomes  a  simple  num- 
ber. 

( J )  To  subtract  eight  fi'om  ele- 
"ven. . .  .seventeen. 

(2)  To  subtract  nine  from  eleven 
....  eighteen. 

(3)  Exercises  in  the  above. 

XVIII  To  subtract  numbers 
greater  than  eleven. 

(1)  To  subtract  eleven  from 
nineteen eleven. 

(2)  To  subtract  twelve  from 
nineteen twelve. 

(3)  To  subtract  thirteen  from 
nineteen . . .  .thirteen. 

(4)  To  subtract  fourteen  from 
nineteen . . .  .fovuieen. 

(5)  To  subtract  tifteen  from 
nineteen . . .  fifteen. 

(6)  To  subtract  sixteen  from 
nineteen. . .  .sixteen. 

(7)  To  subtract  seventeen  from 
nineteen ....  seventeen. 

(8)  To  subtract  eighteen  from 
nineteen ....  eighteen.    • 

(9)  To  subtract  nineteen  from 
nineteen. 

(10)  Exercises  in  the  above. 

XIX  Numeration  and  notation 
of  twenty  and  computation  in 
connection  therewith. 

(1)  Numeration  and  notation  of 
twenty. 


about 
3  hoius. 


(1) 

(1) 
(1) 

about 
4  hours. 


(1) 


about 
2  hours. 


]\Iodels    of    ships, 

warships. 

Picture  post-cards. 


AF.T.    I.] 


eli:mentary  schools 


21 


Weeks. 

Topics  of  teaching.                 Hours. 

Teaching  appliimces 
and  reference-bcK)kK. 

(2)     Computation    concerning 

t^Yenty.                                                  (1.5) 

X.  1). — Let  the  process  of  computation  be  mude  .is  follows : — 

19-15  =  19-10-5. 

15 

XX     Review. 

iilwnt 

(1)     "Text-l)0jk  on   Arithmetic." 

4  hours. 

p.  38. 

(•2) 

(2)     "Text-book  on  Arithmetic." 

p.  39. 

(1) 

(3)     "Text-book  on  Arithmetic." 

p.  40. 

(1) 

Tliii'd  Term.  Estimated  teacliing  houi's :  ab(iut  36. 
Numeration  and  notation  of  numbers  under  one  hundred. 
Fundamental  conception  of  addition,  subtraction,  multiplica- 
tion and  division. 


Weeks. 

Topics  of  teaching. 

Hours. 

Teaching  a]ipliances 
and  reference-books. 

I    'Numeration    and    notation    of 

about 

tens  and  compubxtion  concern- 

4 hours. 

ing  them. 

1 

(1)     Numeration  and  notation  of 

tens. 

(1) 

(2)     To  add  tens  to  tens. 

(1) 

(3)     To  subtract  tens  from  tens. 

(1) 

(4)     Exercises  in  the  above. 

(1) 

n     Numeration  and  notation    of 

about 

numbers     consisting    of     tens 

4  hours. 

and  imits,  together   with    their 

computation. 

2 

(1)  Numeration  and  notation  of 
numbers  consisting  of  tens  and 
lanits. 

(2)  To  add  units  to  tens. 

(!) 
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Weeks. 


Topics  of  teaching. 


(3)  Subtraction  in  whicli  imits 
are  subtracted  from  tens  and 
units,  so  that  tens   remain. 

(4)  To  add  tens  to  units. 

(5)  To  subtract  tens  from  tens 
and  units. 

(6)  Exercises  in  the  above. 

Ill  Kumeration  and  notation  of 
one  hundred. 

(1)  Numeration  and  notation  of 
one  hundred. 

(2)  Computation  concerning  one 
hundred. 

r\'  To  count  numbers  directly 
and  inversely. 

(1)  To  count  directly. 

(2)  „         „      inversely. 

Y     To  double,  to  treble. 

(1)  To  double  one,  two,  three, 
four,  five. 

(2)  To  double  six,  seven. 

(3)  „        „       eight,  nine,  ten. 

(4)  To  treble  one.  two,  three, 
four. 

(5)  To  treble  five,  six. 

(6)  Exercises  in  the  above. 


Hours. 


(1) 
(1) 

aljout 
3  hours. 


about 
2  hoius. 

(1) 
(1) 

about 
G  hours. 
(1) 
(1) 
(1) 
(1) 

(1) 
(1) 


Teaching  appliances 
and  reference-books. 


N.  B. — (1)  As  this  lesson  aims  at  giving  children  the  funda- 
mentsd  conception  of  multiiJlication,  it  should  be  taught  in 
connection  with  successive  addition. 

(2)  The  multiplication  sign  and  multiplication  table  should 
not  be  given  as  yet. 


YI  To  find  how  many  times  a 
numl)er  is  contained  in  an- 
other. 

(1)     The  inverse  of  doubling. 


about 
4  hours. 
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Weeks. 

Toi)ics  of  teaching. 

Hours. 

Teaching  appliances 
and  reference-books. 

('2)     The  inverse  of  trebling. 

(2) 

7 

\ll    To  divide  into  e(in.il  pints. 

alxjut 

(1)     To    divide    into    two    equal 

4  hours. 

parts. 

(1.5) 

(2)     To  divide    into    three   equal 

parts. 

(1.5) 

(3)     Exercises  in  the  above. 

(I) 

8 

VIII    Review. 

about 
y  hours. 

(1)     Text-book.                   p.  60. 

(1) 

(2)           „                             p.  61. 

(1) 

(3)           „                              p.  62. 

(1) 

(4)           ,.                              p.  63. 

(1) 

(5)           ..                              p.  64. 

(1) 

(6)           ..                              p.  6.5. 

(1) 

(7)           „           Miscellaneous  pro- 

blems. 

(3) 

(End  of  the  detfiils  of  teaching  for  the  First  Year) 
(The  rest  is  omitted) 


CHAPTER    IV. 

Method  op  Teaching. 

SECTION  1.     In  General. 

Li  the  Ivegiilations  for  carrying  out  the  Imperial  Ordinance 
relating  to  elementary  sclifK>ls,  chap.  I,  sec.  1,  aii.  4,  item 
5,  we  read  : — 

"  In  teaching  aritlimetic,  efforts  should  be  made  to  set 
the  cliildren  free  in  application  \>y  I'endering  them  accurate 
in  understanding  and  pi'oficient  iji  operation.  At  the  same 
time,  care  should  be  taken  to  enable  them  to  explain  cor- 
rectly the  metliods  and  reasons  of  different  operations  and 
to  render  thenx  proficient  in  meiital  arithmetic." 
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Accordingly,  in  teaching  the  rules  of  computation,  Me 
should  not  proceed  in  a  merely  mechanical  way,  but  should 
attemjjt  to  make  the  children  j)ractice  computations  after 
understanding  fully  the  reason  for  them  and  to  have  those 
reasons  explained  by  the  children  themselves.  Li  computa- 
tions, children  should  strive  after  exactness  and  not  siitev 
mere  speed.  By  repeated  practice  they  will  unconsciously 
acquire  speed  of  operations.  In  teaclung  the  solution  of 
apphed  problems,  we  ought  first  tc^  impai^t  clear  and  accm*ate 
conceptions  of  the  facts  involved  and  of  their  relations;  then 
proceed  to  give  a  clear  understanding  of  the  numbers  and 
numerical  relations  involved  in  those  facts,  and  finally  come 
to  the  solution  of  the  problems.  There  are,  however,  some 
exceptional  cases  wherein  the  rules  for  computation  and 
solution  are  to  be  taught  mechanical  I. y.  This  is  the  case 
whenever  the  principle  of  solution  cannot  be  understood  ])y 
the  cliildren  although  the  practical  formula  is  indispensably 
necessary. 

Exercises  in  mental  computation  are  limited  to  numljers 
below  100,  and  special  emphasis  is  laid  on  fundamental 
computations  and  their  processes.  What  are  here  called 
tlie  fundamental  computations  include  adding  a  simple 
number  to  another  simple  number  and  the  reverse,  moreover 
finding  the  product  of  two  simple  numljers  and  the  reverse. 
The  process  of  computation  is  intended  to  show  how  the 
computation  is  carried  on.  For  example,  in  85  —  18,  fiist 
analyzing  18  into  10  nnd  8,  -we  have  35  —  10  =  25.  Next 
we  have  25  —  8  =  17.  The  number  of  hours  for  practising 
mental  computations  is  gi'eatly  limited  in  the  classes  above 
the  third  year  of  the  ordinary  elementary  schools  on  ac- 
count of  the  exercises  in  written  arithmetic  and  in  "  soi'o- 
ban  "  calculation  being  added.  But  whenever  opportunity 
offers,  mental  calculation  is  practiced.  This  exercise  is 
limited  to  the  numbers  below  100,  and  the  most  diflicult 
computations  are  selected  for  this  drill. 
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T^vou  with  iiunibors  alwvc^  TOO,  siinplo  conn )ut;it ions  are 
s(>l('ctod  for  mental  oxereise.  This  is  because  mental  avitli- 
metic  is  especialW  useful  and  convenient  in  oixliiiary  life. 

The  general  outline  of  the  method  of  teaching  in  each 
rear  is  given  lieloM' : — 

SECTION  2.     First  Year  of  the  Ordinary  Elementary  School. 

(1)  The  chief  aim  in  the  present  yeai'  is  to  lay  tlie 
foundation  for  computations  in  addition  and  subtraction. 
Tlie  numbei-s  to  be  given  in  the  tirst  term  do  not  go  beyond 
ten. 

The  work  begins  M'ith  the  numeration  and  the  compiita- 
tioia  of  objects.  Then  digits  and  symliols  of  operation  are 
taught,  and  childr<  n  are  led  to  compute  either  Ijy  sight  or 
mentally  by  hearing  prolilems  orally  proposed.  The  numliers 
to  be  given  in  tlie  seccaid  term  go  up  to  twenty,  and  in 
the  third  term,  Ijesides  the  review  exercises  on  what  has 
been  giA-en  in  the  tirst  and  the  second  term,  some  very 
simple  computations  with  numbers  less  than  one  hundred 
are  assigned. 

(2)  Computations  with  number's  up  to  ten. 

As  children  have  some  notion  oi  numbers  prt^vious  to 
entering  school,  we  examine  at  first,  how  far  their  know- 
hnlge  about  numl)ers  goes  in  order  to  begin  the  work  in 
the  most  appropriate  way.  As  a  result  of  tin's  investigation 
Ave  find  that  children  in  cities  generally  know  hoAv  to  count 
the  numbers  loss  than  ten,  Avhile  those  in  the  country  do 
not,  and  niany  of  them  knoAA-  no  more  than  to  mention 
their  OAvn   age. 

As  thus  children  already  knoAV  Iioav  U)  count  some  mim- 
l)ers  and  h;iAe  some  Aague  notions  of  numlier,  this  is  taken 
as  the  stalling  point  of  instruction,  and  they  ai"e  taught 
liow  to  count  the  numbers  less  than  ton  by  objects  preseut- 
<m1  to  tlieir  eyes. 
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TJie  objects  used  in  teaching  numeration  are  such  tilings 
as  liats,  balls,  flags,  jiencils,  pieces  of  chalk  or  china,  note- 
books,— things  whicli  are  easy  to  liandle  and  which  tht^ 
children  will  naturally  lie  inclined  to  count  jis  they  ar<^ 
accustomed  to  handle  them.  In  selecting  these  objects  carf> 
is  taken,  of  course,  to  have  -^-ariety  both  in  kind  and  in 
shaj)e.  These  shapes  are  to  include  solids,  jilanes,  and 
straiglit  lines.  The  diiierent  kinds  of  ol)jects  are  selected 
so  as  to  comprise  the  gi'eatest  possible  variety-  in  the  names 
of  concrete  numbers  counting;  ])V  means  of  the  following 
suffixes  :  hun  (piece-i),  )nai  (sheets),  hlJii  (animals),  Ita  (birds), 
safs'c  (volumes),,/*"  (letters),  nin  (men),  hrr  (bundles),  Jitjo  (bags), 
Jcen  (houses),  so  (vessels),  JuOt/o  (baskets),  fnl-nro  (sacks),  hnho 
(l)oxes),  nicJd  (days),  huui  (sets),  .soi  (cents),  /.•(/  (things), 
f/?yo  (columns),  retail  (lines),  kv. 

(3)  Addition  with  numbers  under  ten. 

This  l)egins  by  adding  one  and  proceeds  successively, 
l).y  adding  two,  three,  &c.  Children  are  taught  intuitively- 
to  understand  the  idea  of  addition  and  see  its  result,  b^- 
showing  them  real  objects,  (oliject  com])utations). 

Then  they  are  taught  by  means  of  a  rough  drawing  o7i 
the  l)lack-lx)ard  or  a  slate,  or  on  pa]ier,  and  are  led  to 
recognize  the  result,     (computations  l);\-  the  aid  of  diagrams). 

Last  of  all  they  are  rec[uii'ed  to  find  out  the  result 
mentally,  on  hearing  the  problems  proposed  orally  by  the 
teacher,  (mental  computation).  In  this  gi-ade  of  teaching, 
it  is  usual  to  let  children  have  real  ol)jects,  such  as  pebl)les, 
shells,   beans,  ttc,  which  are  easil\-  handled    and    ])reserved. 

(4)  Figures  nuclei'  ten. 

The  idea  of  diiferent  nuniljers  having  been  impaiied  by 
means  of  objects,  diagrams,  and  words,  and  figures  being 
then  presented,  children  are  led  to  know  that  these  represent 
the  foi-niei-  and  gradually  a  mechanieal  eonneetion  is  ft»rmed 
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betw(XMi  tliom.  Not  ni()i-(>  tlxau  two  fijj;aros  siro  given  in  ouo 
hour  and  thereafter  the  children  are  drilled  in  reading  and 
"Writing  these  figures.  They  are  also  practiced  in  recogni/Jiig 
these  figni'es  occurring  in  problems,  or  to  express  in  figures 
the  nunibei's  that  are  orally  given  so  as  to  conifii-ni  the  con- 
nection between  the  notion  of  numl)ers  and  the  figures. 

The  reason  for  the  ]:)eculiar  notation  of  10  is  to  be  given 
after  the  notation  of  nuinl)ers  alxjve  11  has  been  taught. 

After  figures  are  given,  computations  by  figiu'es  are  added 
to  computations  In-  objt^cts,  and  by  diagrams,  and  to  mental 
computation. 

(5)     Subtraction  Avitli  numbei"s  under  ten. 

Th(^  method  is  the  same  as  that  of  addition  alxive 
stated. 

In  teaching  subtraction  by  means  of  objects,  if  the 
remainder  is  not  intuitively  recognized,  the  computatioii  b>' 
Avny  of  ''counting  off,"  is  applied. 

((J)     Numeration  and  notation  of  numbers  from  11  to  19. 

Children  are  first  taught  to  obtain  the  immljers  from  11 
to  19  together  "with  their  numeration,  In'  adding  to  10  the 
numl)ers  from  1  to  9.  They  are  then  taught  to  undei-stand 
the  jxisition  of  tens  and  of  units,  by  means  of  a  computing 
a]")paratus  based  upon  the  notion  of  ])ositic>ns  or  a  diagi'am 
(wi  the  black-lx)ard  constructed  on  the  same  ])rincii)l(\ 
The\'  are  further  taught  to  understand  that  Avlien  the  num- 
ber in  the  units-place  an^ounts  to  ten,  it  should  l)e  transfer- 
red over  to  the  tens  as  02ie  grou]),  and  that  denoting  this 
10  by  means  of  a  mark  iji  the  tens-place  and  also  recogniz- 
ing the  marks  still  remaining,  if  any,  in  the  units-])lace,  a 
number  is  to  be  foruKMl  out  of  the  marks  in  lK)th  places, 
e.g.,  if  then^  is  one  mark  in  the  tens-])lace,  and  tlio'e  are 
two  mju'ks  in  the  units-] )ljice,  the  numb'er  is  12.  And  after 
tliis  cliildi-en  are  taught,  that  the  left  hand  1  of   12  denotes 
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Olio  jjp'cnip  of  ten  units  and  the  right  hand  2,  two  of  one 
unit.  The  teaching  of  the  notation  of  numbers  up  to  19  is 
based  upon  tliis  principle. 

The  reason  for  the  notation  of  10  is  liei'e  to  be  explain- 
ed. Namely,  children  are  taught  to  understand  that,  as 
there  is  one  gi'oup  in  the  tens-place,  1  is  noted  as  the 
mark  representing  it,  and,  as  there  is  none  in  the  units- 
place,  simply  0  is  noted,  and  in  this  Avay  10  is  duly  ex- 
pi'essed. 

(7)  Addition  in  which  the  sum  becomes  more  than  10, 
and  subtraction  Avhich  is  the  reverse  of  tliis  addition. 

a.  Computation  wherein  there  occurs  no  clmnge  in  the 
number  ofdig  its. 

For  example,  in  computing  12  +  5  the  children  are  taught 
to  operate  as  follows  : 

First  find  the  sum  of  2  +  5,  which  is  7,  and  tlien  add 
this  7  to  10,  which  is  17.  The  reverse  process  17  —  5  is 
taught  like  this:  7  —  5-2  and  10  +  2  =  12.  As  children  are 
already  drilled  in  such  computations  as  2  +  5  or  7  —  5,  what 
they  aie  specially  taught  to  comprehend  now  and  h)  keep 
in  mind  is  tlie  method  of  analysis  and  synthesis  of  numbeis. 
Therefore,  special  care  is  taken  to  make  the  process  of 
computation  i)erfectly  clear.  In  this  gi'ade  of  instruction, 
the  analysis  and  synthesis  of  numbers  are  at  times  concretely 
shown  liy  means  of  counters,  (/'hildren  are  also  asked 
to  sIk^w  (clearly  the  process  of  omputation  either  by  means 
of     cotmters  or  by  words. 

/>.  Computation  wherei'ji  there  occurs  a  change  in  the 
number  of  digits. 

For  example,  in  the  C(  )mpiitation  of  7  +  5,  it  is  sh(iwn 
liow  we  may  take  3  from  5,  then  add  the  3  to  7  to  make 
10,  and  then  we  obtain  12  by  adding  the  remaining  2  to 
10;  and  for  the  reverse  process  12  —  5,  it  is  explained  tlmt 
Ave  first  subtract  5  from    10,    and    obtain    5,     and    that    we 
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obtain  7  hy  a(ldin<^  2  to  5.  For  tliiw  subtrnotion  tlicro  is 
anotluM-  raetliod  of  compntatioii,  by  wliich  ^\^o  first  subtract 
from  12  oulv  2  coutaiuod  iii  o,  jiud  obtain  10,  and  then 
"we  take  o  fioni  ]0  to  get  7.  Ilowevor,  tliis  mc^thod  seems 
to  l)e  less  fro(|U(Mitly  folknved  than  tlie  other. 

Computations  of  this  kind  togetlier  Avith  tlie  ad(hti()n 
and  subtraction  of  iiumbers  und(M'  ten  given  in  the  first 
term,  form  tlic  foundation  of  addition  and  subti'action  in 
generab  Therefoi'e,  when  this  is  first  taught,  oliildreu  are 
made  to  oompreliend  it  b}'  means  of  the  analytical  eom- 
piTtation  mentioned  above,  and  even  in  exercises  the  same 
l>rocess  is  insisted  on.  However,  as  the  children  advance  in 
their  exercises,  they  are  required  to  recall  at  once,  without 
rexx3ating  the  intermediate  process,  that  7  +  5  is  12  or  tliat 
12-5  is  7. 

Wheii  the  fundamental  ccmiputations  in  addition  and 
subtraction  are  sufficiently  ])racticed  x>i"<^>blems  ai'e  to  be  given 
sometimes  in  sv'stematical  arrangement,  and  at  other  times  . 
not  in  s^'stematical  aiTangement,  both  in  due  ])ro])ortion. 
In  regard  to  the  pi'oblems  given  in  words  or  in  figures, 
care  is  taken  that  neither  shall  be  unduly  prefened.  More- 
over, as  the  children  gi-adually  a(b'ance  in  the  f)ractice  of 
computatioji,  the}'  are  enjoined  more  difficult  i)roblems  and 
are  m-ged  to  exert  more  of  energy  in  their  solution. 

(8)     Numeration    and    notation    of    numbers    up    to    one 
hundi-ed. 

The  numeraticm  and  notation  of  numbers  exceeding  10 
are  taught  by  making  use  of  a  contrivance  usuall}'  called 
counting-ljoard  and  diagi'ams  w^hich  are  so  constnicted  as  to 
show  clearly  the  characteii sties  of  decimal  nottition.  Calcula- 
tions are  limited  to  simple  addition  and  subtraction  within 
the  limits  of  numbers  not  exceeding  10.  Thus  it  will  not 
be  necessary  to  point  out  special  method  of  teaching  in  this 
regard. 
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(9)     Connting-lx)aKl  and  numbei'-cliait. 

The  connting-l ward  wliu'li  has  Ix'cu  long  and  extensively 
nsed  is  the  Kussian  <me.  Besides  this,  there  have  been 
invented  various  other  kinds  of  apparatus,  (juite  similar  and 
consequently  not  worth  mentioning  specially.  The  above 
mentioned  counting-board  seems  to  be  very  convenient  for  the 
l)xn"pose  of  teaching  the  chMracteiistics  of  decimal  notation, 
though  being  of  the  latest  invention,  it  is  not  yet  widely 
prevalent.  In  its  stnictnre,  it  is  apj)ai*ently  similar  to  the 
Russian  instrument.  The  rods,  on  which  the  counters  are 
strung,  being  ari-anged  vertically,  i-ender  it  easy  to  show  the 
respective  position  of  units,  tens,  and  hundreds.  INIoreovev, 
the  frame  ai'ound  the  apparatus  being  so  constructed  as  to 
allow  the  apparatus  to  take  any  position,  it  may  also  be 
used  in  the  same  way  as  the  Riissian  tschoW.  Further,  if 
the  rods  are  put  u])  vertic;dly,  and  a  cross-bar  be  attached 
it  may  serve  in  lieu  of  our  sorohan.  It  is,  therefore,  not 
only  servicealjle  in  teaching  the  decimal  notation,  but  it  is 
also  of  gTeat  help  in  teaching  .soyo^^wn-calculation,  and  to 
keej)  up  the  connection  between  .so>'o?><:«? -calculation  and 
%v]'itten  arithmetic. 

Tlie  number-chart  is  used  merely  in  place  of  real  ap- 
paratus. It  is  not  utilized  to  impress  the  idea  of  numtei's 
and  to  facilitate  their  analysis  and  synthesis.  Consequently 
the  relative  merits  of  the  chart  of  uumbers  in  series  and 
that  of  numbers  in  gnvjups,  have  ncjt  been  much  investigated. 

SECTION  3.     Second  Year  of  the  Ordinary  Elementary  School. 

(1)  The  cliief  aim  in  the  present  year  is  to  train  the 
children  in  mental  arithmetic  with  nurabei's  under  one 
hundi-ed  and  to  establish  the  foundation  (jf  multiphcation 
and  division,  by  making  them  famiUar  %\ith  the  inultipKca- 
tion  of  two  simple  numbers  and  the  reverse  oix^ration.  In 
the  first  term,  addition  ajid  subti'action   with  numbers  mider 
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one  liuiulrod  uro,  jissi<2;iio:l,  .'UkI  towjirds  the  end  of  the  term, 
the  numeration  and  notatioii  of  uuml)erK  under  one  thousand 
are  given.  In  the  second  t<^rm,  the  fundamental  computa- 
tions of  multiplication  ar(i  taught,  i.  e.,  the  multiplication 
tjible  with  its  simple  applications.  In  the;  third  term,  the 
reverse  of  fundamental  multiplication  is  chiefly  taught,  i.  e., 
division  in  which  both  the  divisor  and  the  (piotient  are 
simple  numlx^rs.  Also  simple  division  in  which  tlie  quotient 
is  a  number  of  two  or  three  digits,  and  division  by  ten  or 
hundred  are  given. 

(2)     To  add  a  simple  number,   and  its  inverse. 

A)  Oases  in  which  the  each  partial  sum  is  less  tlian 
10. 

As  a  preparatory  ste])  in  teaching  this  addition,  the 
computation  of  finding  the  sum  of  two  simple  numbers  that 
does  not  exceed  ten  is  assigned,  together  with  that  of 
adding  a  simple  number  to  a  number  of  two  digits  so  that 
the  sura  of  the  units  does  not  exceed  ten.  ^Vliat  is  to 
1)6  insist<^>d  on  with  special  clearness  before  the  children's 
eyes,  is  the  process  of  computation.  For  example,  35  +  4  is 
taught  as  5+4  =  9  and  30  +  9=39,  thoi-efore  the  required 
answer  is  39. 

In  assigning  j^roblems,  the  children  are  first  taught  to 
compute  by  seeing  arithmetical  expressions  written  on  the 
black-lx)ard  or  in  their  note-book.  Then  they  are  asked  to 
solve  problems  given  orally. 

JJ)  Cfises  in  which  the  partial  sum  oi.  the  first  order 
goes  over  to  the  second  order. 

By  way  of  preparation  there  are  assigned  additions  of 
two  simple  numbers  in  which  the  sum  exactly  amounts  to 
ten,  together  with  those  in  which  ten  is  added  to  numl3ers 
of  some  tens.  Then,  cliildren  are  tatight  that  the  solution 
depends  upon  a    computation    similar    to    tliat    of    case    A). 
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For    oxamplo,    in    84 +  (5,  it    is    sliowii    tlijit  4  +  6=^10,    and 
30  +  10=40,  therefore,  the  nnswer  is  40. 

The  remarks  concerning  the  assignment  of  problems  in 
case  A),  liold  good  here,  and  need  not  bo  repeated, 

C)  Cases  in  wliich  tlie  partial  sum  of  each  order 
exceeds  ten. 

By  way  of  preparatcjry  work,  there  are  reviewed  additions 
witli  two  simple  immbei"s  in  which  the  sum  exceeds  ten. 
The  same  process  of  computation  as  in  cases  A)  and  11) 
is  to  be  followed  also  in  this  case.  For  example,  in  29  +  7, 
it  is  shown  that  9  +  7  =  IG,  and  20  +  10  =  30,  therefore  the 
required  answer  is  36, 

D)  The  reverse  of  case  ^1). 

By  wa;\'  of  prepai'atorj'  work,  subtraction  of  numbers 
under  teii  is  reviewed  together  with  cases  in  which  a  simi3le 
numljer  is  subtracted  from  a  inimber  of  two  digits  involving 
no  process  of  borrowing  from  the  next  higher  digit.  The 
process  of  computation  is  as  follows  : — 

Example:         39-2. 

9-2  =  7,     30  +  7  =  37. 
,-,     39-2  =  37. 

J'J)     Tlie  reverse  of  case  B). 

To  serve  as  preimratory  work,  there  is  a  review  of 
subtractions  in  wliich  a  simple  numl)er  is  subtracted  froni 
ten  or  twenty.     The  process  of  comj)utation  is  as  follows  : — 

Example:         30  —  4. 

10-4  =  0,     20  +  G  =  20. 
.-.     30-4  =  26. 

F)     Tlie  re-\'erse  of  case  C). 

By  way  of  x>reparatory  work,  there  are  reviewed  subtrac- 
tions in  which  a  simple  number  is  subtracted  from  a  num- 
ber of  tens  and  units,  the  remainder  being  a  simple  number. 
Tlie  process  of  computation  is  as   follows  : 
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Example:         34  —  6. 

14-6=8,     20  +  8  rz:  28. 
.-.     34-6  =  28. 

(3)  Additions  with  numbers  of  two  digits  .and  the 
reverse. 

A)  x\.dditions  in  Avhich  tens  are  added. 
Preparatory  work  :     Of  additions  in  which  tens  are  added 

to  tens,  those  are  given  in  which  the    sum    does    not  attain 
three  digits.     The  process    of    compiitation  is   as  follows : — 

Example:         39  +  20. 

30  +  20  =  50.     50  +  9  =  59. 
.-.     39  +  20  =  59. 

B)  Additions  in  which  tens  and  units  are  added. 

a.  Additions  performed  by  adding  such  numl)eiN  to  a 
simple  one  that  the  sum  of  the  units  does  not  overla]^  into 
the  second  digit. 

Preparation  :  additions  of  two  simple  numbers  in  whicli 
the  sum  does  not  make  ten  ;  alscj  additions  in  which  a  simple 
number  is  added  to  tens. 

Process  of  computation  : — 

Example:         2  +  47. 

2  +  7  =  9.     40  +  9=49. 
.-.     2  +  47=49. 
h.     Additions    in   which  by  adding    the    tens    and    units 
to  a  simple  number,  the  sum  of  the  units    overlaps  into  the 
tens. 

Preparation  : —  additions  of  two  simple  numbers  in  which 
the  sum  attains  or  exceeds  ten ;  also  additions  in  which  ten 
or  ten  and  units  are  added  to  tens. 
Process  of  computation  : — 

Example:         9  +  28. 

9  +  8  =  17,     20+17  =  37. 
.-.     9  +  28  =  37. 
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c.  Addition  of  tlie  previously  mentioned  numbers  to 
numlx?rs  of  two  digits. 

Preparation :  additions  of  simple  numbere   in    wliicli   tlie 
sum  gi-ows  by  tens,  together  witli  those  in   which  some  tens 
or  ten  and  units  are  added  to  tens. 
Process  of  computation  : — 
Example:         19  +  28. 

10  +  20ZZ.30, 
9  +  8^17, 
30  +  17=47. 
.-.     19  +  28=47. 

C)  The  reverse  of  case  A). 

Preparation :  subtraction  in  which  tens  are  subtracted 
from  tens. 

Process  of  computation  : — 
Example:        59-20. 

50-20=30, 
30+9=39. 
.-.     59-20  =  39. 

D)  Tlie  inverse  of  case  B). 

Preparation :     subtraction     in     which     some      units     are 
subtracted  from  tens  and  units,  together  with  those  in  wliich 
simple  numbers  are  subtracted  from  ten  and  units,  leaving  a 
remainder  of  some  simple  number. 
Process  of  computation  : — 
Example:        47-28. 

47  _  20  =  27, 
27-8  =  19. 
.-.     47-28  =  19. 

(4)     Multiplication  table. 

By  way  of  preparatory  work,  successive  addition  is 
practiced,  and  the  result  of  the  succesive  additions  is  called 
out  as  it  stands  in  the  multiplication  table.  It  is  shown, 
for  example,  that,  since  2  +  2  4-  2  +  2  +  2  =  10,  if  2    be    added 
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five  times  in  snccossioii,  the  result  amounts  to  10,  jind  put 
ill  the  abbreviMtod  form  2x5  =  10,  it  is  to  be  called  in  the 
Japanese  fashion,  -'five  two  ten."  The  multiplication  table 
itself  is  fii-st  practiced  both  progressively  and  retrogressively, 
but  in  accoi'dance  with  the  systematic  ari'angement.  Later 
on,  it  is  assigned  regardless  of  the  systematic  an-angemont. 
At  the  beginning  of  the  practice,  the  euphonic  character 
of  the  table  is  appealed  to,  and  each  tal)le  is  repeatedly 
exercised.  Ihit  later  on,  the  exercise  in  euphonic  utterance 
is  dispensed  with,  except  in  difficult  tables, 

(5)     Division. 

By  way  of  preparatory  Avork,  the  multiplication  table  is 
exercised  in  ^progressive  and  reti'ogressive  order  l)oth  in 
accordance  with  the  systematic  arrangement.  And  then, 
the  meaning  of  contra-division  being  explained,  a  dividend 
and  a  divisor  are  introduced  with  the  pui'pose  (^f  showing 
that,  in  order  to  find  how  many  times  the  latter  is  contained 
in  the  former,  some  multiple  of  the  latter  is  computed  by 
means  of  the  multiplication  table,  in  order  to  be  contracted 
with  the  former  so  as  to  find  the  answer,  or  quotient.  Li 
order  to  come  upon  this  very  quotient,  the  multiplication 
table  is  repeatedly  exercised  till  it  can  be  recited  without 
hesitation  either  in  progressive  or  in  retrogi'essive  order. 
Only  after  contra-division  is  mastered  equi-division  is  enter- 
ed upon. 

The  classification  of  contra-division  iind  e(fui-division  is 
made  in  accordance  with  the  ordinary  tei'minology  of  children. 
Thus  they  are  discriminated  as  follows  : — 

Contra-division  is  the  division  answering  the  (juestion : 
how  many  each. 

Equi-division  is  to  divide  a  number  into  so  and  so 
many  parts. 

How  contra-division  with  concrete  iiuml)ers  is  done  may 
be  seen  from  the  following  example  : 
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Example :  If  twf)  sheets  of  paper  are  gi^'en  to  each 
cLild  and  tliere  are  ten  sheets,  for  how  many  children  Avill 
there  he  two  each  V 

Solution:     lo«''««'^-^2'''''^'  =5. 
.-.     for  5  cliildren. 

SECTION  4.     Third  Year  of  the  Ordinary  Elementary  School. 

(1)  The  cliief  nim  in  this  year  is  to  teach  written  addi- 
tion, subtraction,  multiplication  and  division  with  immbers 
less  than  ten  thousand,  and  in  order  to  acquire  thorough 
familiarity  with  these  operations  the  first  term  is  given  over 
to  addition  and  subtraction ;  the  second,  to  multiplication  ; 
and  the  tliird,  to  division. 

The  teaching  of  ■written  arithmetic,  is  based,  as  a  matter 
of  course,  upon  the  mental  arithmetic  learned  in  the  preced- 
ing two  years.  Besides,  mental  arithmetic  itself  is  constaiit- 
]y  exei'cised  in  order  to  make  it  thoroughly  familiar.  The 
exercise  in  mental  arithmetic  giveji  foi'  the  sake  of  wiitten 
arithmetic  is  mostly  in  fuiKlamental  computations,  and  is 
reviewed  at  the  beginning  of  the  teaching  hour's  in  written 
arithmetic.  For  the  exercise  in  mental  arithmetic  itself,  five 
or  ten  minutes  are  usually  assigned  at  the  end  of  the  hours 
for  viTitten  arithmetic.  According  to  circumstances,  howevei', 
one  whole  hour  may  sometimes  be  given  to  exercises  in 
mental  arithmetic. 

As  the  school  year  advances  the  practice  of  anal3'sis  for 
computations  in  mental  arithmetic  becomes  less  frequent. 
For  example,  27  +  3G  is  to  be  computed  as  27  4-30  =  57  and 
57  +  6  =  G3;  63-36,  as  63-30=^33  and  33 -6=:  27. 

(2)  Written  addition. 

The  very  first  lesson  in  written  addition  should  not 
only  explain  the  method  but  also  demonstrate  its  superiority 
— even  though  but  slightly.  In  selecting  examj^les,  there- 
fore, for  the  teaching  of  written  addition,  such  are  taken  as 
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are  ratlMM*  difficult  for  montal  addition  ;  o.  g.,  two  niiniliors 
of  tlu'ee  digits  or  four  of  two  digits.  Fiiiilier,  in  comimting 
tliem  in  accordance  with  tlie  method  of  wiitten  addition, 
those  are  to  be  selected,  if  j)ossible,  which  contain  the  least 
difficulty ;  e.  g.,  a  set  in  whicli  the  partial  sums  of  each 
digit  do  not  exceed  ten. 

There  is  another  consideration  showing  the  need  of  select- 
ing for  the  first  lesson  in  "VNiitten  ad(htion,  sets  in  which  the 
partial  sums  of  each  digit  do  not  exceed  ten.  Li  order  to 
make  clear  tliat  in  both  written  and  mental  addition  the 
principle  of  computation  is  tlie  same,  it  is  necessary  to 
begin  addition  Avith  more  digits  in  the  former  than  in  the 
latter.  If,  hoAvever,  the  partial  sum  of  any  digit  should 
exceed  ten,  there  would  arise  a  difficulty  about  putting  down 
the  resiTlt. 

After  the  utility  as  well  as  the  method  of  written  addi- 
tion is  tlms  made  clear,  an  example  is  assigned  in  which 
the  partial  sum  of  one  place  exceeds  ten,  with  a  view  to 
making  the  children  compute  it  by  staiiing  from  the  higher 
digits.  But  they  soon  recognize  the  inc(jnvenience  attached 
to  tliis  way  of  computing,  as  it  necessarily  involves  erasure 
and  coiTection,  and  they  natiu'ally  feel  the  need  of  comput- 
ing by  starting  from  the  lower   digits. 

As  for  the  tens  that  go  over    to    the    next    highei-    place 

they  are  not  allowed  to  be  marked  by   means  of  either  dots 

or  iigures,  but    they    are    immediately    to    be    added    to    the 

first  number  of  tlie  next  place.     To    take    as  an    illustration 

358 +  217,    the    computator  says  to  himself,  8,  15,    and  puts 

358         down  5  ;    then  he  says,  1,  C>,  7,  and  puts  down 

'^^'  7  ;   then   again    he    says,    3,  5,     and    inits  down 

5;  and  tlms  he  gets  the  answer,  oto. 

The  operation  sign  is  commonly  not  allowed  to  be 
attached  to  the  operation  form.  The  same  liolds  good  also 
in  regard  to  written  subtraction  and  multiplication. 
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(3)     Written  subtractiou. 

Wliat  is  to  bo  attended  to  in  regard  to  tlie  connection 
between  mental  and  written  subtraction  is  the  same  as  in 
the  case  of  addition. 

There  are  tlu'ee  metliods  of  comjpvitation  in  case  the 
subtrahend  of  a  certain  digit  is  greater  tliau,  and  conse- 
quently not  to  be  directly  subtracted  from,  the  minuend  of 
the  same  x^lac'o.  First :  one  unit  is  taken  from  the  minuend 
of  the  next  higher  place ;  it  is  added  as  10  to  the  minuend 
of  the  place  in  question ;  and  then  the  subtraction  is 
X>erformed.  Second  :  the  subtrahend  is  immediatel}'  subtracted 
from  the  10  brought  down  from  the  minuend  of  the  next 
higher  place ;  and  then  the  remainder  is  added  to  the 
minuend  of  the  place  in  question.  Third  :  the  subtrahend 
is  subtracted  from  10 ;  the  remainder  is  added  to  the 
minuend  of  the  place  in  question ;  and  then  the  subtrahend 
of  the  next  higher  place  being  increased  by  one  is  to  bo 
subtracted  from  the  minuend  of  that  place.  Of  4;he  three, 
the  first  seems  to  be  most  prevalent. 

(4)     Writttni  multiplication. 

As  far  as  the  connection  between  mental  and  written 
multiplication  is  concerned,  the  same  holds  good  as  in  the 
case  of  addition,  likewise  the  prohiliition  to  mjxrk  the  tens 
to  be  carried  over  by  dots  or  figm-es.  Tlu;  following  ox- 
ample  is  given  ])j  way  of  illustration. 

Example  :        25G  x  3  =  7G8. 
25r, 
3 


708 


(5)     Written  division. 

Of  the  methods  of  written    division    at    present    used    in 
Japan,  the  folknving  two   are  the  leading  ones  : 
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Example : 

143- 

rl3. 

(A)   13  )  143  ( 
13 

13 
13 

0 

11 

(B) 

11 

13  )  143 
13 

13 
13 

0 

Metliod  (B)  is  convenient  for  empliasizing  tlie  pljici^s  of 
the  quotient,  Imt  is  inapplicable  to  cases  in  wliich  tlio  divi- 
dend happens  to  be  the  result  of  addition,  suljtraction,  and 
multiplication. 

Method  (A)  is  applical)le  to  all  cases,  but  is  inconvenient 
for  beginners  to  ascertain  the  places  of  the  quotient. 

On  account  of  the  reasons  just  given,  although  (B)  is 
employed  in  the  first  lessons  of  vn-itten  division  in  the  third 
.year,  yet  (A)  should  lie  adopted  as  the  ordinai'3'  form  of 
wTitten  division  given  in  the  fourth  year,  but  for  convenience' 
sake  both  (A)  and  (B)  are  used. 

Li  regard  to  the  two  kinds  of  division,  they  are  named 
resx)ectively  division  into  equal  X3arts  and  division  by  a  series 
of  subtractions.  In  the  second  year,  they  were  distinguished 
by  their  coll(X|uial  ai)pellations  in  order  not  to  puzzle  the 
learners  by  difficult  technical  names  whose  meaning  is  not 
undei"stood.  Tliese  jxjpular  designations,  tedious  as  they 
are,  had  to  be  put  up  M'ith,  At  this  stage,  however,  the 
suliject-matter  ought  to  have  become  sufficiently  clear  so  that 
the  technical  terras  may  be  adopted. 

SECTION  5.     Fourth  Year  of  the  Ordinary  Elementary  School. 

(1)  The  chief  aim  in  this  year  is  to  practice  "writteji 
addition,  subtraction,  multiplication,  and  division  with  num- 
bei^s  less  tlian  one  hundred  millions,  and  also  to  teach  by 
way  of  rejietition  an  eas}'  method  of  comj)utation  with 
comjwund  numbers  and  decim;d  fractions.  In  the  first  term, 
wiitten     addition,  sul^tractiou,    multipUcation,    and    division 
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constitute  the  main  work  to  wliicli  are  added  some  easy 
computations  witli  compound  numbers,  together  with  those 
in  which  certain  numbers  are  divided  by  two,  three,  four, 
five,  ten,  as  well  as  those  in  wliich  the  lialf,  two-tliirds, 
three-fourths,  four-fifths,  three  tenths,  etc.,  of  certain  numbers 
are  to  be  obtained.  In  the  second  term,  compound  numbers 
are  mainly  given ;  in  the  third,  decimal  fractions  in  addition, 
subtraction,  multiplication  and  division.  Decimal  multipli- 
cation and  division,  however,  are  rather  reserved  for  tlie  fiftli 
year. 

(2)  Written  addition,  subtraction,  multiplication  and 
division. 

As  regards  written  addition,  subtraction,  multiplication 
and  division,  the  method  of  computation  has  been  taught 
in  the  third  year ;  so,  in  the  i)reseut  year,  the  art  of  com- 
putation is  to  be  thoroiighly  acquired    by  repeated  exercises. 

Computations  with  large  immbers  are  seldom  assigned. 
The  main  exercisers  in  computation  to  be  taken,    are : 

In  addition,  sums  consisting  of  several  numbers  of  five 
or  seven  digits. 

Li  subtraction,  corresponding  to  addition.       "• 

In  multiplication,  sums  whose  multif)]iers  consist  of 
numbers  of  two  or  three  digits. 

In  division,  dividends  whose  divisors  and  (quotients  both 
consist  of  two  or  three  digits. 

The  best  exercises  should  not  be  either  t(X)  complex  or 
too  simple. 

In  i-egard  to  the  method  of  division,  method  (A),  i.  e., 
the  method  most  generally'  applicable,  is  given  in  the  present 
year  as  A\as  mentioned  under  tliat  heading  in  the  third 
year,  for  it  is  indispensable  in  the  solution  of  applied 
problems  as  well  as  in  compound  numl)ers. 

(8)     To  find  the  fractional  parts  oi  mimbei"s. 

In  order  to  teach,  for  example,    how  to  find  I  c^f  9,    first 
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it  is  explstiiiecl  liow  "  '  3  eqii.al  parts  '  is  to  Ije  contracted 
into  '3  parts,'  "  and  then  two  or  three  exercises  are  assigned. 
Next  it  is  shown  how  "  *  2  times  the  result  of  3  parts '  is 
to  be  contracted  into  '  twice  one  tliird,'  "  and  tho]i  this  is 
exercised  hj  similar  examples. 

Fractions  proper  are  to  be  taught  in  the  sixth  year. 

(4)     Compound   numbers. 

The  first-step  in  the  teaching  of  compound  numbers  is 
taken  in  the  second  year.  By  the  end  of  the  third  year, 
the  following  relations  among  various  miits  are  to  be 
completed : — 

Length  (jo,  shnMi,  sun). 

Distance  {ri,  i-hb,  I'cn,  sJiaku). 

Weight  (Jean,   inoame,  kin). 

Cajiacity  (I'ohi,  to,  slid,  go). 

Time  (week,  day,  hour,  minute,  second). 

Area  (did,  tan,  se,  hu). 

Money  (.yew,  ,scn,  rin). 
And  yet,  as  the  aim  is  simply  to  make  clear  the  relations 
between  diiferent  units,  there  seldom  occurs  a  compound 
number  having  more  than  two  different  units.  Therefore  in 
the  present  year,  the  general  method  of  computation  of 
compound  numbers  is  to  Ije  built  solidly  on  the  basis  of 
these  accpiired  relations  between  different  units. 

With  regard  to  compound  units,  those  that  serve  as 
standards  are  caiised  to  be  clejirly  conceived  either  by  in- 
tspection  or  by  actiLil  measurement.  For  the  othere,  they  are 
rather  left  to  l^e  conjectiu'ed  from  the  previously  noted 
relations  between  different  units. 

For  cc)nnx)und  computations,  the  numbers  containing  less 
than  tlu"(^  different  units  are  chiefly  adopted. 

In  regard  to  the  method  of  reducing  connxmnds,  the 
normal  metliod  is  explained  fii-st,  and  later  on  the  more 
convenient  one. 
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If,  for  example,  2  ri  nve  to  l)o    reduced    to    cho,    method 
(R)  i^  normal,  and  method  (8)  convenient.         . ..  •  ,. 
(Pt)  'MVf'o  (S)  2n 

2  86 

72  72  (c//6) 

(5)  Mensuration  of  area-. 

The  mensuration  of  a  rectangle  is  givf^n. 

In  order  to  teach  the  mensuration  of  a  piece  of  land 
three  Jcen  long  and  two  ke^i  wide,  ^\'e  first  consider  a  strip  of 
the  full  length,  but  only  one  hm  "svlde,  then  two  such  strips  to 
make  up  the  widtli,  and  finally  the  compiitation  is  made, 
?)fsuhox2=6fsiiJ>o,  which  is  th(^  answer. 

(6)  Decimal  fractions, 

Tlie  decimal  fractions  taught  iu  this  year  do  not  go 
beyond  the  third  place.  In  the  first  lesson  decimals  of  one 
place  are  taught,  and  exei'cises  are  assigned  for  their  com- 
putation ;  in  the  second  lesson,  decimals  of  two  ]:)laces  are 
taught,  with  their  computation  exercises;  in  the  third  lesson, 
decimals  of  three  places  and  their  computation  exercises,  and 
so  on.  In  this  way  the  places  of  decimals  are  gradually 
extended. 

In  regard  to  notation,  it  is  taught  that,  in  case  a  decimal 
lacks  an  integral  part,  0  is  put  to  the  left  of  the  decimal 
point.  It  is  also  taught  that  the  decimal  point  is  read 
"  point." 

Of  the  decimal  com^ratations  in  the  four  rules,  multi- 
plication and  division  Avith  decimal  multiplier  and  decimal 
divisor  are  not  given  iu  the  ])res('iit  year. 

SECTION  6.     Fifth  Year  of  the  Ordinary  Elementary  Schools. 

( I)  The  chief  aim  iu  the  present 'year  is  to  teach  children 
the  c;omx)utation  of  integers,  decimsds,  and  coni^wund  numbers, 
to  make  them  proficient  iu  the  solution  of  applied   problems 
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as  -svell  jis  in  some  easy  mensuration,  and  to  inform  thorn 
of  the  outlines  of  the  metric  and  foreign  systems  of  Moiglits 
and  measures.  In  the  fost  term,  exercises  in  the  previously 
acquired  four  nilos  with  integers  and  decimals  are  as- 
signed, then  thci  multiplication  and  division  Avith  decimal 
multipliers  •  and  divisors  are  taught,  and  finally  the  com- 
putation of  decimal  compound  numbers  together  "with  the 
mensuration  of  rectangular  parallelopiped  is  given.  In 
the  second  terra,  the  computation  of  non-decimal  com])ound 
immbers  is  practiced,  and  the  mensuration  of  trijuigles, 
pol^'gons,  and  circles  is  exphiined.  In  the  third  term,  the 
metric  and  foreign  systems  of  weights  and  measures  together 
with  their  computation  are  taught,  and  also  the  mensu- 
ration of  parallelograms,  tra])ezoids,  prisms,  circular  cylindem 
and  spheres. 

(2)  Multiplication  with  decimal  multi])liers. 

The  method  of  <'omputation  is  explained  as  below: 

Example  :     7  x  O.o. 

Tlie  pupils  are  fii-st  reminded  that  if  {).?>  be  multiplied 
by  10,  it  becomes  3,  and  that,  if  the  multiplier  be  nmltiplie<l 
by  ten  the  product  also  is  multiplied  by  ten.  In  the  present 
case,  7  is  first  multi])lied  by  ?>,  0.3  being  tem])()rarily  regai'ded 
as  3,  and  21  is  obtained.  As  this  21  is,  from  the  nature 
of  the  case,  ten  times  as  much  as  the  product  sought,  it  is, 
accordingly,  divided  l)y  ten  in  order  to  obtain  the  answer 
2.1. 

(3)  Division  with  decinrsil  divisors. 

In  case  of  division,  attention  is  first  called  to  the  fact 
that,  if  both  the  divisor  and  dividend  be  juultiplied  by  the 
same  number,  the  quotient  is  not  altered.  The  ]iu})ils  are 
then  instructed  to  multiply  tlio  decimal  divisor  \)y  10,  100, 
etc.,  in  order  to  change  it  into  an  iut(»ger,  and  tJiat  conse- 
quently the  dividend  also  miist  be    multiplied    by    the  same 
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decimals,  Lefore  tho  operation  is  carried  on. 

(4)     Modnlns    of    circumference    (ratio  of  circumference    to 
radins). 

As  the  modulus  of  circumference,  3.141G  is  given. 

The  children  are  told  dogmatically  that  "  the  circum- 
ference of  a  circle  is  some  8.1416  times  as  gi'eat  as  its 
diameter,"  and  actual  measurements  are  made  by  way  of 
verification.  Each  child  is  further  required  actually  to  measure 
the  circumference  and  diameter  of  some  circular  utensil 
which  may  he  found  at  home  and  to  ascertain  clearly,  by 
way  of  division,  that  the  circumference  of  a  circle  is  some 
3.1416  times  as  great  as  its  diameter. 

(5)  Metric  system  of  weights  and  measiu'es. 

As  reference  articles  for  teaching  the  metric  system,  a 
model  of  the  standard  meter,  a  gram  balance,  a  liquid 
measure  of  one  litei",  etc.,  are  provided.  And  it  is  shown  by 
actual  measurement  tlmt  one  meter  is  equal  to  three  fiJiciJcu 
and  three  si6n,  that  fifteen  gi'ams  are  equal  to  four  monme, 
and  that  one  liter  is  nearl}^  equal  to  five  go  and  five  sehi. 
On  the  basis  of  these  relations,  other  units  of  the  metric 
system  are  also  explained. 

As  in  the  ph.ysical  examination  of  children  their  heights 
and  weights  are  measui'ed  according  to  the  metric  system, 
the  results  are  utilized  for  the  computation  of  problems. 

(6)  Foreign  system  of  weights  and  measures. 

Mainly  English  and  American  systems  are  explained. 
As  reference  articles  for  teaching  a  foot  rule  and  an  ounce 
balance  are  provided.  And  it  is  shown  by  actual  measure- 
ment that  one  foot  is  nearl}''  equal  to  one  i^hahi,  and  that 
one  pound  is  nearly  equal  to  one  hundred  and  twenty  monmc. 
For  the  other  units,  the  childi-en  are  lecjuired  to  compute 
the  relations  bet\vc«^n  ilu^m  an<l  the    corresponding    units   in 
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our  system,  e.  g.,  one  rnilo  is  nojirly  c(iu;il  to  fourteen  chu  .-iiul 
forty  five  Jce^i,  and  one  knot  is  nearly  eijual  to  seventeen  cJio. 
For  convenience  in  toacliing,  postal  stamps  (one  inch 
long),  nails,  ribbons,  collars,  news-papors  (all  being  measured 
by  inches),  inkstands,  Imndles  of  Berlin  avooI  (one  ounce  in 
weight),  oil-cans  (conttiining  five  gallons),  etc.,  are   provided. 

(7)     Mensiu-ation . 

As  regards  tlie  mensuration  of  rectangles,  triangles,  pol}'- 
gons,  parallelograms,  ti'apezoids,  and  rectangular  paral- 
lelopipeds,  the  reasons  for  the  method  of  com])utation  are 
brought  home  to  the  childi'en's  understanding.  But,  in 
regard  to  the  mensuration  of  circles,  circular  c^dinders, 
pyramids,  circular  cones,  spheres,  etc.,  it  is  well-nigh  im- 
ixjssible  to  explain  the  principles  on  wliich  the  computation 
is  based  so  as  to  be  commonly  understood.  Therefore,  the 
formula  is  stated  dogmaticalh',  and  verified  by  actual  measure- 
ments to  show  the  con'cctness  of  tlie  method  adopted  in  the 
comixitation  in  question. 

SECTION'  7.     Sixth  Year  of  the  Ordinary  Elementary  School. 

(1)  The  chief  aim  of  this  year  is  to  give  some  simple 
computations  in  fractions  and  percentage  as  Avell  as 
exercises  reviewing  the  whole  of  the  arithmetic  hitherto 
taught.  Li  the  fii'st  term,  fractions  are  taken ;  in  the  second, 
computations  in  ratio  and  percentage ;  and  in  the  third,  a 
general  review  takes  place. 

(2)  Method  of  finding  the  greatest    common    measure. 
Ill  this  year,  the  method  of  finding  the  gi-eatest  common 

measure     is     mainly    conjectm-al     as    is    exemplified    in   the 
following  instance. 

Example  : 

To  find  the  greatest  common  measure  of  4,  8,  12. 
First,  all  the  measm-es  of  4  aio  put  down  below  that  num- 
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ber,  tlion  it  is  examined  wlietluu*  oi"  not  tliej  are  also  measures 
of  8  and  12,  and  the  common  measm-es  are  determined. 
Finally  the  greatest  of  them  is  selected,  and  thus  the 
answer  is  obtained. 

For  this  year  also  the  method  (jf  finding  the  least  com- 
mon multiple  is  similar  to  the  finding  of  tlie  greatest 
common  measure. 

(3)     Multiplication  with  fractional  multipliers. 

Multiplication  with  fractional  multipliers  is  effected  in 
accordance  with  principles  of  multiplication  with  decimal 
multipliei's. 

Fixam]3le  :  —  x  —  . 

7         4 
5 
If  —  be  multiplied  by  3,  tliere  results  a  product,  4  times 

as  gi'eat  as   it    ought    to    be.     Therefore,  if    the    product    is 

divided    by    4,    the    correct    answer    is    obtained.     That    is, 

5         3  5x3 

X  —  = 


7         4  7x4 

(4)  Division  with  fractional  divisors. 

The  method  of  computation  is  shown  below  : — 

Example  :  \ . 

7         4 

If  —  be  divided  by  3,  there  results  a    quotient   equal    to 

—  of  th(i    quotient    sought.     Therefore,    that    quotient    being 
4 

5      3        5x4 

multiplied  by  4,  the  answer  is  obtained,  i.  e.,  -^-f-  — = 

7       4        7x3 

(5)  Hemarks  concerning  the  teaching  of  fractions. 
Generally     sx^eaking,     simx^le     computations    are    mostly 

assigned  so  that  they  may  even  be  computed  mentally.  For, 
the  computations  needed  in  every  day  life  are  all  com- 
paratively simple.  Moreover,  if  the  method  of  computation 
is  thoroughly  acquired  in  simple  cases,  then  also  complex 
cases  ai'e  easily  understood. 
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SECTION  8.     First  Year  of  the  Higher  Elementary  School. 

The  subject-matter  of  iustviK^tioii  iu  the  liiji^hov  elementa- 
ry scliool  consists  chiefly  of  what  is  taken  in  tlie  ordinary 
elementary  school,  the  p^i'iide,  liowever,  being  som(»what 
liigher,  with  the  addition  of  ratio  and  book-keeping  for  daily 
use.  In  the  first  year  of  the  higher  elementary  school,  there 
are  taught  at  first  fractions  and  percentage  of  a  more 
advancsd  grade  ;  later  on,  ratio  and  ]iroportion.  To  come  to 
details,  there  are  given  first  the  general  method  of  finding 
the  greatest  common  measure  and  tlie  least  common  multiple, 
then  exercises  in  more  or  less  complex  fractions  and  ^ter- 
ceutage,  and  lastly  the  computation  of  direct  proportion, 
inverse  proportion,  proportional  parts,  etc. 

In  teaching  tlie  general  method  of  finding  the  greatest 
common  measure  and  the  least  common  multiple,  it  is  first 
thoroughly  practiced  and  then  explaind  in  principle.  For, 
if  it  were  explained  theoretically  from  the  very  beginning, 
this  would  merely  complicate  matters  and  render  comprehen- 
sion difficult. 

SECTION  9.     Second  Year  of  the  Higher  Elementary  School. 

In  tliis  year,  the  computation  of  proportion  previously 
learned  is  reviewed,  the  computation  of  compound  pixD- 
portions  is  given,  and  computation  in  connection  with  book- 
keeping is  assigned.  Tlien  follow  review  exercises  in  the 
matter  of  the  previous  3"ear, 

SECTION  10.     Third  Year  of  the  Highsr  Elementary  School. 

In  this  year,  the  lessons  of  all  tlie  preceding  years  are 
reviewed  and  supplemented. 

Tliere  is  a  repetition  of  the  methods  of  mensuration 
previously  learned  to  which  are  added  the  mensm-ation  of 
the  pyramid,  circular  cone,  frustum  of  pyramid,  frustiun  of 
circuLir  cone  as  well  as  the  extraction  of  square  roots  and 
cube  roots ;    and    finally    a    review  of  the    four    niles,    pro- 
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lX)rtion  and  percentage,  together  with  arithmetical  and 
geometiical  proportion. 

The  rales  for  finding  the  "S'olurae  of  pyramids  and  circular 
cones  are  given  dogmatically  and  verified  by  actual  measm'e- 
ments. 

Li  i-egard  to  the  extraction  of  square  roots  and  cube 
roots,  the  method  is  given  fi]"st,  and  after  tliis  is  understood, 
the  principle  is  explained  by  means  of  simple  jwoblems. 

In  case  ordinary  book-keeping  be  taught,  a  simple  and 
well-defined  case  is  selected.  Tlie  subject-matter  is  usually 
taken  from  domestic  economy;  or  else  it  is  one  of  the 
practical  problems  that  come  up  in  connection  with  the  ad- 
ministration of  a  school,  a  village,  a  town,  or  a  small  cor- 
]K^ration.  The  instruction  consists  of  some  method  of  entry 
and  computation  as  well  as  of  some  general  knowledge;  con- 
cerning these  problems. 

SECTION  11.     Applied  Problem.s 

A])plied  problems  are  proposed  from  the  fii'st  3'ear  of  the 
ordinar}'  elementary  school  to  the  third  year  of  the  higher 
elementar}'  school;  fii'st  such  as  are  very  simple  and  easy, 
and  then  others  gradually  increasing  in  complexity  and 
difficulty,  so  that  the  childi-en  may  be  led  not  only  to  under- 
stand the  solution  of  real  problems,  but  also  to  acquire 
perspicacity  and  accm'acy. 

Further,  in  the  construction  of  problems,  attention  is 
paid  to  the  following  points. 

(1)  Of  various  concrete  numbers,  none  is  to  be  used  too 
frequently'. 

(2)  Of  similar  problems,  those  are  to  be  x)resented  fii-st  that 
appeal  to  the  actual  experience  of  the  children,  then  such  as 
contain  facts  they  have  experienced  in  the  past,  and  finally 
such  as  are  to  be  understood  by  conjecture  and    comparison, 

(3)  Of  the  following  various  conditions  of  life,  none  is 
to  be  treated  preferential!}'  in  the  choice  of  j)roblems. 
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(a)  Items  rolatin}^  to  tlio  homo. 

(li)  Items  rolatiug  to  the  school. 

(c)  Items  i-elatincr  to  the  native  i>r()vitu-e. 

((/)  Items  relating  to  tlie  state  smd  st)ciety. 

SECTION  12.     Soroban-Calculation. 

(1)  The  structure  of  the  sornhan  and  th(>  way  t^)  re- 
present numbers  on  it. 

;S'oroto«-calculation  is  the  computation  which  is  effected 
by  means  of  a  soroban.  As  is  seen  in  the  following 
illustration,    it  consists  of  vertical  rows  of  six  counters    each. 


Eiich  of  the  five  lower  counters  represents  a  unit  of  its 
respective  place,  and  the  upper  one,  five  units  of  the  same 
place.  Places  are  determined  by  adopting  any  column  for 
the  units  of  integers. 

To  represent  8  on  a  sorohan  we  have  but  to  push  up 
three  lower  comiters  in  the  row  adopted  for  the  units  of 
integers.  In  order  to  represent  5  we  push  down  the  upper 
counter  of  the  same  column.  To  represent  6,  we  add  thereto 
one  counter  below.  In  this  Avaj'  wo  shall  x^rocood  up  to  9. 
To  represent  10,  we  have  to  push  up  one  lower  counter  in 
the  column  of  the  second  digit  of  integers.  The  other 
numbers  of  the  second  digit  are  represented  as  mentioned 
before. 

In  the  aiTangomont  of  digits  the  relation  between  the 
higher  and  lower  ones  is  the  same  as  in  the  arable  nobi- 
tiou,  and  the  left  is  considered  as   higher. 

(2)  Eolation  between  sorohan-caXciihiiion  and  written 
arithmetic. 
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In  regard  t;)  the  principle  of  computation  in  tlie  four 
rules  there  is  no  difference  l^etween  .S'oro5rt?^-calculation  and 
written  arithmetic.  In  the  method  of  operation,  however, 
the  existence  of  more  or  less  difference  cannot  be  disregard- 
ed. To  point  out  a  deviation,  there  exists  for  soroban- 
calculation  a  division  table.  It  consists  of  the  quotients 
and  the  remainders  of  all  the  divisions  between  any  two 
digits.  For  example,  if  3  be  divided  by  4,  the  quotient  is 
0.7,  and  the  remainder  0.2.  This  result  is  expressed  in  a 
few  words,  and  is  announced,  without  expressing  the  par- 
ticular relation,  as  4,  3  :  7,  2. 

Concerning  the  relative  merit  and  demerit  of  soroban  and 
written  calculation,  there  has  been  mucli  discussion  among 
mathematicians  in  Japan,  and  it  would  hardly  l^e  possible 
to  decide  which  to  prefer.  As,  however,  soro?>rt«-calculation 
has  been  in  use  in  Japan  from  olden  times,  and  as  it  is 
being  used  in  everyday  computations  among  the  people,  and 
further,  as  it  is,  in  the  computation  of  additioji  and  sub- 
ti-action,  so  easy  to  understand  and  so  quickly  x^ei'formed, 
that  no  written  arithmetic  can  ever  expect  to  cope  with  it, 
it  is  assigned  together  with  written  arithmetic  in  most  of 
the  elementary  schools  in  Japan.  Yet,  as  is  shown  in 
the  regulations  relating  to  teaching  in  the  elementary 
schools,  written  arithmetic  is  essential,  so>-o6Gr.;i-calcnlation 
being  used  in  addition,  according  to  local  circumstances. 
Therefore,  even  in  the  elementary  school  where  sorohan- 
calculation  is  given,  it  is  taught  only  in  addition  to  written 
aritlimetic,  beginning  witli  the  fourth  year  after  the  rudi- 
ments of  written  aritlimetic  have  been  given. 

(3)     Teaching  of  soro&an-calculation  in  each  year. 

In  the  fourth  year  of  the  elementary  school,  where  sorohan- 
calciilation  is  to  be  taught,  first  the  names  of  the  parts  of 
the  sorobcin,  then  the  representation  of  numbei's  are  taught, 
and  finally  the  compufcition  of  easy  additions  and  subtrac- 
tions   by    this    instrument    is   assigned.     The    order  of  com- 
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putation  is  ns  follows  : 

1.  Addition  and  subtraction  requiring  no  use  of  iku- 
taroids. 

2.  Addition  in  Avliich  the  partial  sum  of  a  certain  place 
amounts  to  five,  and  the  reverse  process  of  sul)traction. 

3.  Addition  and  subti-action  requiring  the  use  of  ix-v- 
taroids. 

4.  Addition  in  which  the  partial  sum  of  a  certfiin  place 
amounts  to  ten,  and  the  reverse  process  of  subtraction. 

0.  Addition  in  which  the  partial  sum  of  a  ceiiain 
column  exceeds  ten,  and  the  reverse  process  of   subtraction. 

6.     Other  difficult  cases. 

Li  the  fiftli  year  of  the  ordinary  elementary'  school,  in 
addition  to  the  exercise  of  addition  and  subtraction  given  in 
the  previous  year,  comiX)und  addition  and  subtraction  are 
given.     The  order  is  showji  below. 

A)  Decimal  compound  numbers. 

The  method  is  similar  to  the  one  followed  in  the  teach- 
ing of  addition  and  subtraction  with  decimal  numbers  in  tlie 
fom-th  year, 

£)  Non-decimal  compound  numljers. 

1.  Representation  of  non-decimal  compjmid  numbei"s. 

2.  Addition  and  subtraction  of  the  same. 

a)  For  cases  in  which  the  partial  sum  of  each  place 
does  not  overlap  into  the  next  higher  order,  and  in 
which  the  partial  sul)traction  of  each  place  is  jxjssible. 

b)  For  cases  in  which  just  one  unit  is  earned  o^er,  and 
cases  in  which  but  one  minuend  is  smaller  than  the  sub- 
trahend. 

c)  For  cases  in  whfcli  more  than  two  units  are  to  be 
carried  over,  or  in  which  more  than  two  minuends  are 
smaller  than  the  sul)trahends. 

d)  Other  difficult  cases. 

In  th(^  sixth  year  of  the  ordinary  elementary  school, 
sordian    multiplication  and  division  are  given.     The  order  is 
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as  follows  : 

A)  Multiplication. 

1.  To  mill ti ply  by  integers  of  one  digit. 

2.  To  multiply  by  integers  of  two  digits. 
8.     To  multiply  by  integers  of  three  digits. 

4.  To  multiply  by  integers  of  more  tlian  four  digits. 

5.  To  multiply  by  one  decimal. 
{].     To  multiply  by  two  decimals. 

7.  To  multiply  by  three  decimals. 

8.  To  multiply  by  mixed  decimals. 

9.  Reduction  of  com^xmnd  numbers. 

B)  Division. 

1.  To  divide  l)y  integers  of  one  digit. 

2.  To  divide  by  integers  of  two  digits. 

3.  To  divide  by  integei-s  of  three  digits. 

4.  To  divide  by  integers  of  more  than  four  digits. 

5.  To  divide  b,y  one  decimal. 

6.  To  divide  by  two  decimals. 

7.  To  divide  by  three  decimals. 

8.  To  divide  by  mixed  decimals. 

9.  Numeration  of  compound  numbers. 

10.     To  multiply  or  divide  compound  numbers. 

Li  the  higher  elementary  school,  soroban-csblcnlfdion  is 
taught  l>y  assigning  exercises  of  computation  in  the  four 
rules  and  urging  the  childi-en  to  carry  them  out  prompt- 
ly and  accurately.  In  the  school  in  which  ordinary 
book-keeping  is  given,  the  incidental  con\putations  are  also 
performed  by  means  of  this  instrament,  thereby  securing  its 
practical  utility. 

In  legard  to  sorohan  computation, — esx^ecially  for  qiiick- 
ness  oi  o\)cvidion,  there  x^i'P'^'Jiile^*!^  bi  ancient  times,  a  metluxl 
whereby  one  person  vocalized  the  number's  and  another  one 
fingered  the  implement.  This  being  assuredly  inconvenient 
and  uneconomical,  another  method  has  been  adopted  hi 
modern    times    in    which    the    computer    handles '  the  instni- 
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ment    whilst    looking   n,t    a,  series  of  Mritten   ]ininl)ei's, — and 
tliis  is  the  case  also  in  school  exercises. 


CHAPTER  V. 

Examinations, 

SECTION  1.     No  Periodical  Examinations. 

Li  the  Regulations  for  caiTjing  out  the  Inii^erial  Ordi- 
nance relating  to  elementary  schools,  chap.  I,  sec.  1,  art. 
23,  declares :  "  In  order  to  ascertain  the  competency  or 
grade  of  each  class  in  elementary  schools,  the  decision 
should  be  made,  not  by  means  of  special  examinations,  but 
by  weighing  the  daily  achievements  of  the  children." 
Accordingly,  in  the  elementary  schools  of  Japan,  no  exami- 
nation takes  place  deciding  the  relative  merits  of  attain- 
ments by  means  of  ■written  pax^ers  presented  by  the  child- 
ren,— that  is  to  say,  examinations  for  which  dates  are 
specially  assigned  at  the  end  of  a  term  or  year  and  in 
Avhich  a  number  of  questions  in  each  course  of  study  are  set 
and  answered  by  all  the  children  in  question. 

SECTION  2.     Method  of  Eatimatiug  the  Pupils'  Standing. 

In  spite  of  the  fact  mentioned  in  the  last  section,  if  a 
teacher  deems  it  necessary,  he  may  at  times  assign  questions 
and'  ask  the  children  to  ])resent  written  papers.  Besides,  as 
the  dail^'  work  of  children  is  mostly  ascertained  by  examin- 
ing their  exercise  books  in  arithmetic,  he  takes  them  as 
pai-tial  evidence.  Oi*  again,  at  the  end  of  each  lesson  he 
may  note  in  liis  class-memorandum  the  number  of  wjrrect 
exercises  of  each  child  and  iiike  this  also  as  x^ai'tial  evidence. 

Considering  all  this  together   with   his   personal    observa- 
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tions,  he  decides  tlie  merit  of  jittainment  in  eueli  cliild,  mid 
determines  whether  or  not  it  deserves  to  be  promoted, 

SECTION  3.     Selection  of  Themes. 

The  selection  of  tliemes  to  be  assigned  foi-  ascertaining 
the  attainments  of  the  children  is  made  with  dne  regard  to 
tlie  efficaciousness  of  these  themes  in  making  clear  whether 
or  not  the  children  are  as  proficient  as  is  demanded  b^'  tlie 
aim  of  arithmetical  teaching  in  the  elementary  schools,  and 
if  not,  at  what  point  the  defect  lies;  that  is  to  ^nj,  whether  there 
is  any  defect  in  their  idea  of  numliei's,  and  their  computa- 
tion, whether  there  is  any  defect  in  their  knowledge 
pertaining  to  every  day  life,  whether  there  is  any  defect  in 
the  solution  of  applied  problems,  or  whether  there  is  any 
defect  in  their  perceptive  faculty',  especially  in  regard  to 
acciu'acy.  In  accordance  with  these  points  both  the  themes 
are  selected,  and  the  daily  merits  of  attainment  are 
estimated. 

SECTION  4.     Marking  of  Results. 

The  results  indicating  tlie  merit  of  attainment  in  each 
subject  are  marked  not  by  means  of  percentages,  l)ut  ])y 
means  of  scales  "A,  B,  C,  D,"  or  "First,  Second,  Third," 
etc.  They  are  to  be  got  not  bj'  giving  marks  and  taking 
their  average  or  by  some  such  process,  but  from  gener- 
al and  broad  considerations  aided  b^'  common  sense  judg- 
ment. 

Although  a  table  of  merit  is  prepared  in  each  class 
showing  the  marks  of  all  the  children,  it  is  meant  sim])ly 
to  aiford  a  general  idea  of  their  relative  superiority,  and  not 
to  decide  the  real  oi-der  of  merit. 

Morever,  as  this  table  is  nothing  more  than  material  for 
reference  intended  for  tlu^  teacher  and  the  principal,  it  is 
never  allowed  to  l)e  seen  l)>'  .'iny  child.     The  attainments  of 
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oixcli  cliilcl,  however,  Ijeing  osthnated  once  or  twice  a  terra, 
tlie  results  ai*e  reported  to  its  legal  guardian  by  means  of  a 
report-book.  It  is  needless  to  say  that  home  and  school 
ought  to  have  a  thorough  undei-standing  concerning  the 
children  in  order  t<j  co-operate  eificaciously  in  their  edu- 
cation. 


PART  II. 

IlECENT  TENDENCIES  IN  THE  TEACHING  OF 
MATHEMATICS. 

CAPTER  I. 

Recent  Tendencies  Concerning  the  School  System. 

SECTION"  1.  Prolongaton  of  the  Period  of  Compulsory  Education. 
Prior  to  1907,  a  four  3'ears'  com-se  in  the  ordinary  ele- 
mentary scliool  had  been  prescribed  as  the  minimum  of 
compulsory  education  in  Japan.  The  reform,  however,  that 
was  introduced  into  the  educational  system  in  the  said  year, 
has  added  two  years,  and  consequently  a  six  years'  com^se 
in  the  ordinary  elementary  school  has  since  become  obliga- 
tory. And  yet  there  remains  much  that  is  not  quite  satis- 
factory, —  especiall.y  if  we  consider  the  future  development  of 
the  Empire.  Government  authorities  in  education,  learned 
men,  pedagogical  and  practical  experts,  all  agi'ee  as  to  the 
necessity  of  further  prolongation  of  the  period  of  com^julsory 
education  in  the  near  future  in  accordance  with  national 
progress  and  the  general  conditions  of  the  j)eople. 

SECTION  2.  Increase  of  Institutes  for  Supplementary  Education. 
In  recent  years,  there  has  been  a  gradual  increase  of 
institutes  j^roviding  supplementary  education  for  those  who 
have  completed  the  six  years'  com'se  in  the  ordinary  ele- 
mentary school  and  are  prex)aring  to  enter  the  world  of 
business. 
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SECTION  3.     The  Problem  cf  Co-Educaticn. 

Ill  relation  to  the  moiitK  nud  domovits  of  o(luc;itiii^  Lotli 
sexes  ill  the  same  class  room,  i(uito  a  discussion  is  rife. 
Nevertlieless,  in  our  countiT,  separate  education  lias  Leeii 
adopted  as  a  fundamental  piinciple.  In  the  instniction 
pi-omulgated  l)y  the  Department  of  Education,  we  are  told 
that,  if  the  education  of  l)otli  sexes  be  given  as  much  as 
l)ossible  in  conformity  "s\"ith  their  different  natures  and 
habits  as  well  as  their  different  needs  in  life,  it  not 
only  makes  male  education  reveal  its  real  value,  but  also 
enables  the  female  education  to  he  most  suitable  to  the 
tender  sex. 

According  to  the  pi'esent  regulations,  if  the  numbei"  of 
girls  in  one  school  ^ear  of  the  ordinary  elementary  schools 
or  the  numder  of  girls  in  all  the  classes  of  a  higher  ele- 
mentary school  is  enough  to  organize  one  class,  they  are  to 
b.e  separated  from  the  boys.  Li  teaching  arithmetic,  it  is 
ill  the  fifth  or  the  sixth  year  of  tlie  ordinary  elementary 
school,  and  upwards,  that  the  need  of  separate  education  is 
specially  felt.  At  tliis  stage  the  mental  ability  of  girls, 
excepting,  of  course,  a  few  special  cases,  reveals  its  inferiori- 
ty to  tliat  of  boys.  Experts  all  agree  in  acknowledging 
tliis. 


CHAPTER  II. 

KECENT   TENDENaES  CoNCEENrSG  THE   AlM   .VND   SUBJECT 

Matteh  of  Teaches'g  Mathematics. 

SECTION  1.     Tendencies  Concerning  the  Aim. 

There  is  nothing  which  deserves  special  notice. 

SECTION  2.     Tendencies  Concerning  Subject-Matter. 

In    recent    years,    as    all   tilings  in  society  are    gradually 
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developing,  various  problems  present  tliomselvos,  many  of 
wliicli  can  not  be  solved  at  all  witliout  tlie  aid  of  ma- 
tliematical  C(in  captions.  Consequently  tlie  importance  of 
teaching  aritlimetic  in  the  elementary  schools  has  Ijeen  in- 
creasingly realized,  and  its  subject-matter  has  Ijeen  gradual- 
ly increased  so  as  to  become  too  minute  and  too  complex. 
Take  for  example,  the  systems  of  weights  and  measiires:  it 
is  no  longer  sufficient  to  know  tlie  traditional  system  alone  ; 
the  more  important  foreign  systems  must  also  be  thoroughly 
mastered.  And  yet  there  is  a  limit  to  the  time  of  teaching 
and  to  the  ability  of  the  cliildren,  being  unable  to  coj)e  with 
limitless  needs.  Therefore  a  reactionary  tendency  is  gradual- 
ly prevailing,  manifesting  itself  in  the  desire  to  reduce  the 
subject-matter. 


CHAPTER  III. 

Recent  Tendencies  Concerning  the  Method  of 
Tk\ching. 

SECTION  1.     Simultaneous  and  Separate  Treatment  of  the  Rules 

of  Arithmetic  in  Teaching  the  First  Steps. 

More  than  twenty  3'ears  ago,  there  prevailed  the 
principle  of  the  separate  treatment  of  the  four  rules. 
From  then  until  some  ten  years  ago  the  principle  of  the 
simultaneous  treatment  of  the  rules  was  followed,  and 
a  many-sided  treatment  was  the  result.  In  recent  3'ears 
there  has  been  ado];>ted  the  principle  of  mediate  treatment, 
an  adjustment  of  the  two,  which  is  neither  exclusively 
sep.irate  nor  exclusively  simultaneous  in  the  teaching  of  the 
four  rules.  To  illustrate :  at  first  addition  with  numbers 
less  than  10  is  taken,  and  then  coiTesponding  subtraction;  and 
again  some  easy  cases  of  addition  with  numbere  less  than 
20,  and  then  corresponding  sul)traction  ;   then  again  more  or 
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less  (litiicalt  cases  of  addition    in    the  same    limits,    ajid    its 
correspond  in  it;  subtraction  ;  and   so  on. 

SECTION  2.      Mental  aud  Written  Arithmetic. 

Tliat  durinu;  tlic  fii'st  y(\'ir's  computation  de])ends  upon 
nuMital  arithmetic  is  a,  mattin-  of  (\>urs(\  In  later  years, 
however,  written  arithmetic  is  tan<i;ht  and  nearly  all  the 
hom's  of  arithmetic  teaching  are  occu]^ied  hy  it.  Cojise- 
quently  children  jiaturally  tend  to  avoid  mental  arithmetic 
even  in  cases  of  simple  computations,  and  before  gi'aduation 
their  mental  computing  ability  declines  exceedingly.  In 
recent  years,  however,  this  defect  has  been  generally  ac- 
knowledged, and  there  have  a^jpeared  many  who  advocate 
th(^  claim  that  the  most  important  of  every  day  computa- 
tions depend,  not  upon  written,  arithmetic,  but  upon  nwnital 
arithmetic.  At  any  I'ate,  mental  arithmetic  has  in  recent 
years  come  to  be  regarded  with  much  favor, 

SECTION  3.     Soroban-Calciilation. 

In  olden  times  .soi'o/>r^;i- calculation  used  to  be  the  es- 
sential part  of  our  arithmetic.  After  western  civilization 
was  im]X)rted  into  Japan,  written  arithmetic  was  pushed  to 
the  fore  with  gi"eat  esteem  for  its  imix)rtance,  whilst  .sorohmt- 
calculation  Avas  shoved  to  the  rear  with  a  mistaken  contempt 
for  it,  as  being  but  a  barl)arous  art  of  computation,  and  it 
barely  managed  to  subsist, — owing  to  its  necessity  in  the 
practical  life  of  the  people.  In  recent  years,  however,  the 
specific  merits  of  this  form  of  calculati(jn  came  to  be 
acknowledged ;  for,  in  regard  to  s])eed  of  computation,  therc^ 
is  nothing  that  surpasses  it,  and  if  it  is  taken  as  a  base  of 
computation,  thorough  ])roficiency  in  mental  arithmetic  is 
easily  attained,  and  even  n  union  betw(H;n  it  and  written 
arithmetic  is  not  very  difficult  of  attainment.  Therefore,  tlio 
day  for  the  nivival  of  •so/yy^'"'// -calculation  is  snrcl}'    dawning. 
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SECTION  4.     Computation  Exercises. 

The  multiplicity  of  matters  to  be  tauglit  has  greatly 
reduced  tlie  liours  for  exercises  iji  computation,  and  tlie  result 
lias  regrettably,  affected  the  computation  ability  of  children. 
In  order  to  remedy  this  defect  the  following  xx)ints  have 
been  considered  with  special  attention. 

1.  Fundamental  computations. 

2.  Difficult  x:)oints  in  computation. 

The  so-called  fundamental  computations  are  nothing  but 
the  tables  for  addition,  subtraction,  multiplication,  and 
division,  compiled  from  the  respective  relations  l)etween  any 
two  of  the  simple  numbers,  or  digits.  Thorough  x^i'ofi^'i^^i^^^'.T 
in  these  tables  makes  computation  even  with  larger  immbers 
exceedingly  easy.  Moreover,  as  the  difficult  points  in  each 
computation  are  always  found  in  some  particular  place,  if,  in 
that  computation,  this  very  place  is  speciall.y  attended  to, 
thorough  proficiency  is  found  to  be  attainable  in  a  relatively 
short  period  of  time.  The  didactic  application  of  the  above 
iwiuciple  is  more  and  more  extensively'  prevailing  from  day 
to  day. 

SECION  5.     Fractions  and  Decimals. 

Although,  at  the  time  ^yhon  frjictions  and  decimals  are 
first  taught,  there  is  no  i-eason  to  suspect  any  special 
difficulty  either  in  understanding  or  handling  them,  yet  be- 
fore long  there  crops  up  among  the  chikh-en  a  tendency  of 
becoming  muddled.  This  may  possibly  be  the  result  of 
raising  the  grade  and  retrencliing  the  exercises  too  much. 
Thei'efore,  in  recent  years,  special,  attention  has  been  be- 
stowed in  order  to  groimd  the  children  firiul\'  in  the  com- 
putation of  fractions  and  decimals  wliich  are  exceedingh" 
simple,  the  computation  of  wliich  is  practii'ed  i-epeatedj}'. 

SECTION  6.     Measurement  and  Construction. 

The  teacliing  of  weights  and  measures,  time,  angles,  and 
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temi^eratare  lias  made  it  necessary  to  require  actual  measure- 
ments made  by  the  cliildi-en.  The  measurements  required  are 
of  two  kinds,  namely,  actual  measurements  and  rough  esti- 
mates. The  rough  estimates  are,  for  instance,by  stepping-off 
or  visual- measurement  in  the  case  of  distances.  Also,  in 
teacliing  weights  and  measures  as  well  as  angles,  children 
are  required  to  construct  objects  representing  certain  quanti- 
ties. For  instance,  the  form  of  one  sltij  vessel  of  actual  size 
is  to  be  made  of  thick  paper ;  coloured  paper  is  to  be  cut 
two  sun  square,  or  a  circle  of  one  shahi  in  diameter  is  to 
be  cut  of  a  neAvspaper,  and  the  method  of  computing  its 
area  recorded  on  it,  &c. 

SECTION  7.     Applied  Problems. 

Li  former  days,  problems  were  exclusively  taken  from 
the  text-book  or  from  collections  of  problems.  In  recent 
years,  however,  teachers  very  often  frame  problems  out  of  the 
materials  presenting  themselves  to  the  children,  with  a  view  to 
bring  home  to  them  the  practical  apph'cation  of  arithmetic. 

Also  lx)th  for  solution  of  proljlems  and  their  drill,  the 
prepai'ation  has  become  increasingly  thorough.  In  regard  to 
the  former,  the  degree  of  complexity  of  the  actual  relations  of 
numbers  involved  in  the  problems  is  considered,  and  in 
regard  to  the  latter,  a  sample  problem  is  selected  for  each 
mode  of  solution,  thereby  affording,  on  the  one  hand,  a 
standard  for  the  same  kind  of  solution,  and  on  the  other 
hand,  material  for  repeated  exercises. 
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Except  Avhat  has  Ijeen  mentioned  on  this  subject   in    the 
last  chaj)ter  of  the  first  part,  notliiug  is  to  be  specially  noted. 
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CHAPTER    I. 

ENACTMENT  RELATING  TO  MIDDLE  SCPIOOLS. 

Bj'  Imperial  Ordinance,  tlie  enactment  relating  to  middle 
schools  was  promulgated  in  Japan,  and  by  it  the  aim,  establish- 
ment, organization  and  other  principal  items  concerning 
middle  schools  "wei'e  prescribed. 

In  accordance  with  the  said  Ordinance,  the  Minister  of 
State  for  Education  enacted  the  regulations  relating  to  the 
cuiTiculum,  to  the  grade  of  each  branch,  to  organization, 
accommodations,  admission  and  dismissal  in  the  middle 
schools  together  with  other  regulations  for  carrying  out  the 
Ordinance  relating  to  middle  schools,  and  x>i'escribed  the 
aiTangement  of  each  branch,  the  number  of  recitation  hours, 
materials  of  teacliing,  etc.  in  the  syllabus  of  teaching  making 
this  obligatory  upon  all  middle  schools, 

Tlie  present  Ordinance  relating  to  middle  schools,  the 
regulations  for  can-ying  out  the  Ordinance  relating  to  middle 
schools  and  the  syllabus  of  teacliing  in  middle  schools  have 
taken  effect  in  April,  1899,  April,  1901,  and  April,  1902, 
respectively.  Two  or  tln-ee  times  after  that,  necessary 
revisions  were  introduced  into  the  regulations  for  carrying 
out  the  Ordinance  relating  to  middle  schools,  in  order  to 
keep  abreast  with  the  times.  Li  July,  1911,  in  order  to 
remedy  the  deficiencies  acknowledged  to  exist  in  the  educa- 
tional formation  due  to  the  middle  and  uj)per  classes  of  our 
people,  a  great  many  new  revisions  have  been  made  in  the 
regulation  for  canying  out  the  Ordinance  relating  to  middle 
schools  as  well  as  in  the  syllabus  of  teacliing,  and  both  are 
exx^ected  to  take  effect  in  April,  1912. 
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CHAPTER    II. 

AIM  AND  ORGANIZATION  OF  MIDDLE  SCHOOLS. 

SECTION  I.     Aim  of  Middle  Schools. 

The  aim  of  the  middle  school  is  plainly  stated  in  the 
respective  enactment  as  follows  : 

"  The  aim  of  a  middle  school  is  to  give  the  i)upils  a 
higher  common  education,  namely,  the  middle  school  is  an 
institute  for  giving  boys  a  liigher  common  education  and  for 
training  them  to  form  the  chief  support  of  the  nation,  not 
an  institute  for  giving  a  preparatory  education."  However, 
it  is  quite  plain  that  those  who  have  received  a  higher 
common  education  only  and  have  no  special  knowledge  or 
abiHty  in  some  specific  science  or  art  are  not  particularly  fit 
for  practical  business.  Therefore,  there  are  very  few  among 
the  graduates  of  middle  schools,  who  are  engaged  in  practi- 
cal business,  and  most  of  them  prefer  to  enter  schools  of 
higher  grade. 

But  recently  many  teclmical  schools  of  middle  school 
grade  have  been  established  in  each  prefecture  for  the 
piu'pose  of  imparting  teachnical  education  in  a  three  or  four 
years'  course,  to  those  who  have  finished  their  elementary 
education.  Thus,  many  of  those  who  intend  to  engage  in 
practical  business  having  received  a  few  years'  special 
education,  enter  those  t^^chnical  schools,  and  most  of  the 
pupils  who  enter  middle  schools  hope  to  advance  into 
the  imperial  universities  after  passing  tlu-ough  the  high 
school,  or  to  enter  some  liiglier  special  school  or  technical 
school. 

However,  the  number  of  higher  special  schools  and  their 
equipment  are  not  sufficient  to  admit  all  the  graduates  of 
middle  schools,  so  each  higher  school  selects  its  matriculates 
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l)y  nil  outrance  examination.  Tlierefore,  tlio  pupils  of 
middle  schools  are  very  anxious  to  pass  the  gi'eat  ban-ier  of 
these  selective  examinations  and  x^eople  generally  value  a 
middle  school  according  to  the  number  of  gi'aduates  "vvho 
have  entered  schools  of  higher  gi-ade,  and  disregard  the 
character  formation,  the  development  of  personahty  and  the 
pliysical  training  wliich  these  middle  schools  may  afford. 
Accordingly,  the  middle  schools  themselves  have  become 
accustomed  to  be  a  kind  of  jjreparatory  schools  and  often 
seem  to  neglect  their  original  aim  of  giving  the  x>i^pils  a 
higher  common   education. 

Lately  the  Department  of  Education  introduced  some 
revisions  into  the  regulations  for  carrying  out  the  Ordinance 
relating  to  middle  schools  perfecting  the  cliief  topics  of 
instiTiction,  changing  the  aiTangement  of  recitation  hours  of 
the  different  subjects,  and  increasing  the  number  of  school 
days.  Moreover  industrial  training  is  newly  added  to  the 
ciu'riculum,  and  according  to  local  circumstances  elementary 
agriculture,  commerce  or  manual  training  is  prescribed.  This 
shows  tliat  the  middle  school  is  an  institute  not  for  giving 
a  merely  x>reparatory  education,  but  for  the  character  forma- 
tion of  the  middle  and  upper  classes  of  the  nation  and  for 
the  acquisition  of  the  ordinary  attainments  required  in 
actual  Hfe.  The  authorities  are  going  to  close  the  lugli 
schools  i3reparing  for  the  Imperial  Universities  and  to 
establish  new  higher  middle  schools  for  the  purpose  of 
imparting  to  those  who  liave  finished  the  middle  school 
course  a  higher  common  education  more  thorough  than  ever 
before.  Notwithstanding  all  the  efforts  made  by  the  autho- 
rities, the  ti'end  of  the  time  makes  the  graduates  of  middle 
schools  still  more  desirous  to  enter  schools  of  higher  gi'ade, 
and  it  is  haixlly  to  be  expected  in  reaUty  that  the  middle 
schools  will  discard  their  present  character  as  x^reparatory 
institutions  and  accomplish  their  original  mission  of  giving 
a  higher  common   education. 
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SECTION  II.     Organization  of  Middle  Schools. 

The  establishment  and  organization  of  middle  schools  are 
prescril3ed  by  the  Ordinance  as  follows  : 

In  each  prefecture  one  or  more  middle  schools  should  be 
established  according  to  local  circumstances  and  requirements. 

The  Minister  of  Education  can  order  each  i)refecture  to 
increase  the  number  of  middle  schools  in  case  he  finds  it 
necessary.  A  gun,  city,  town,  or  village,  as  well  as  a  town 
or  village  school  corporation  may  establish  a  middle  school, 
provided  it  be  found  necessary  and  not  a  hindrance  to  the 
maintenance  of  the  elementary  school  education. 

Private  individuals  may  estal^lish  middle  schools  in 
accordance  with  the  prescriptions  of  the  respective  Ordinance. 

The  course  of  the  middle  school  should  be  five  years. 

The  number  of  pupils  of  a  middle  school  should  be  less 
than  fom"  hundred.  Under  special  circumstances  it  may  be 
go  up  to  six  hundred. 

Classes  should  be  formed  of  pupils  of  the  same  school   age. 

The  number  of  pupils  of  one  class  should    be    less    than 

fifty. 

In  1909  the  population  of  Japan  was  estimated  at  fifty 
two  milHons,  and  the  number  of  middle  schools,  their  classes 
and  their  pupils  was  as   follows  : 

Schools 304, 

Classes B,237, 

Pupils 121,970. 

SECTION  III.     Curriculum  and  Number  of   Recitation    Hours   in 
Middle  Schools. 

The  cmTiculum  of  the  middle  scliool  is  prescrib^ed  in  the 
regulations  for  canying  out  the  Ordinance  relating  to  middle 
schools ;  it  consists  of  morals,  Japanese  and  Chinese  classics, 
some  foreign  languages,  history,  geography,  mathematics, 
natural  history,  physics  and  chemistry,  law  and  economics, 
drawing,  music  and  gymnastics. 
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Tlie  f(iroigii  languages  are  English,  Gorman  or  Frencli. 
Law  and  ocononiics,  as  well  as  music,  may  Ije  omitted. 

Li  the  revised  regulations,  commerce,  agi'iculture,  and 
manual  training  are  added,  and  provision  is  made  to 
cstabKsh,  accoKliug  to  local  circumstances,  one  or  more  of 
these  subjects.  As  the  su^jply  of  teaching  accomodations 
and  the  condition  of  local  finances  make  it  difficult  to 
enforce  these  regulations  at  once,  they  may  be  omitted  for 
some  time,  or  even  in  case  that  they  have  taken  effect 
these  subjects  may  l)e  made  optiomil.  The  number  of 
recitation  hom-s  is  also  prescribed  in  the  regulations,  and  the 
numljer  of  recitation  days  should  be  more  than  200  days, 
(according  to  the  revised  regulations  more  than  220  days) ; 
the  numljer  of  days  for  examinations  and  school  excm'sions 
not  lieing  included. 

The  number  of  recitation  hours  per  "week  is  x)rescribed 
as  follows  : 


^~~--^,          Years 

1st  Year 

2ntl  Year 

3rd   Year 

4th  Year 

5th  Yei\r 

florals   

1 

1 

1 

1 

1 

J.apanese  and 
Chinese  classics. . 

7 

7 

7 

G 

6 

Foreign  language ... 

0 

a 

7 

7 

7 

History 

1    ' 

3 

:5 

3 

3 

Geography    

Mathematics     .... 

4 

i 

4 

2 

4 

Natural  history 

2 

2 

2 

1st  term  2 
2nd  term  2 
3rd  term  1 

Physics  anil 

chemistry   

1st  term  2 
2nd  term  3 
3rd  term  4 

4 
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Sub  jects"~~~^--~^ 

1st  Year 

2ncl  Year 

3rfl  Year 

4th  Year 

5th  Year 

Law  and 

economics 

2 

Drawing    

1 

1 

1 

1 

]\Insic 

1 

1 

1 

Gymnastics 

3 

3 

3 

3 

3 

Total 

2ft 

28 

29 

30 

30 

In  schools  not  teacliing  law  and  economics  or  music  tlie 
resi3ective  periods  are  to  be  api^ropiatelj  distril)uted  among 
some  other  subjects. 

In  addition  to  the  foregoing  schedule  an  hour  in  dra^\- 
ing  may  be  assigned  in  the  fifth  3'ear  at  the  option  of  the 
pupils. 

In  gj'mnastics,  the  periods  of  the  foregoing  schedule  may 
be  increased  by  not  more  than  two  hom's.  If  necessary  the 
recitation  hours  of  the  foregoing  schedule  may  be  increased 
by  two  or  less  than  two  horn's.  Li  the  revised  regulations 
they  are  as  follows : 


^--^          Years 
Subjects'^-^,..^^^ 

1st  Year 

2ncl  Year 

ft 
3rtl  Year       4th  Year 

5th  Year 

Morals   

1 

1 

1 

1 

1 

Japanese  antl 
Chinese  classics. . 

ft 

7 

7 

6 

G 

Foreign  language . . 

f. 

7 

7 

7 

7 

History 

1   . 

3 

3 

3 

3 

Geography     
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~~~^-~--..^_^^^    Years 

1st  Year 

2nd  Yciir 

3rd  Year 

Ith  Y'ear 

5th  year 

Mftthemalics    

4 

i 

5 

4 

4 

Natural  history     . . 

2 

2 

2 

2 

PbyBics  antl 

chemistry    .... 

4 

4 

Law  and 

economics   .... 

2 

Industriiil  training. 

('2) 

(2) 

Drawing    

1 

1 

1 

1 

1 

Jlusic 

1 

1 

1 

Gymnastics 

3 

3 

3 

3 

3 

Total 

29 

29 

30 

31 

(33) 

31 

(33) 

Besides,  pmctice  in  agiiciilture  may  be  assigned. 

In  tlie  schools  where  law  and  economics  or  music  is 
omitted,  tlieir  periods  shjjl  l)e  appropriately  distributed 
among  other  subjects. 

Weekly  periods  in  industrial  training  ma}',  with  the 
Minister's  permission,  be  supplied  from  the  recitation  hours 
of  other  subjects. 

If  the  weekly  periods  in  industrial  training  are  to  he 
increased  or  to  lie  assigned  from  the  third  year  upward, 
with  the  ]Minister's  permission,  they  may  be  supplied  l>y 
decreasing  recitation  hours  in  some  other  subjects. 

Gymnastics  may  be  increased  by  three  hours.  But  the 
total  number  of  weekly  periods  should  not  be  more  than  34 
hours. 
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CHAPTER    III. 


SCHOOLS  m  CONNECTION  WITH  MIDDLE  SCHOOLS. 

SECTION  I.     Applicants  for  Admission  into  Middle  Schools. 

Concerning  applicants  for  admission  the  Ordinance  relat- 
ing to  middle  schools  and  the  regulations  for  canning  ont  the 
( )rdinance    relating  to  middle    schools    prescribe  as  follows  : 

The  ax^plicants  for  admission  into  middle  schools  must 
either  l)e  male  graduates  of  ordinary  elementary  schools,  not 
less  tlian  twelve  j'ears  oi  age,  or  must  have  attainments 
equal  or  superior  to  tliose  of  the  gi'aduates  of  ordinary 
elementary  schools. 

Of  those  applying  for  admission  to  tlie  first  year  class 
such  as  have  completed  the  ordinary  elementary  school  are 
given  preference  over  other  applicants. 

If  there  are  more  applicants  having  cc^ipleted  tlie  ordinary 
elementary  school  than  can  be  admitted,  they  should  be 
selected  by  examination. 

All  the  graduates  of  ordinary  elementary  schools  are 
qualified  to  enter  middle  schools,  but  since  tlie  immber  of 
applicants  always  exceeds  the  vacancies  most  of  tlie  ap- 
plicants admitted  are  such  as  liave  studied  for  one  or  two 
years  more  in  higher  elementary  schools.  For  example,  the 
number  of  applicants  for  admission  and  of  applicants  admitted 
in  1909  is  given  below  : 

Applicants  for  admission 57,553  ; 

Api^licants  admitted 81,221 ; 

Percentage    ..  •'34,24^. 

Among  the  al)ove  mentioned  31,221  applicants  admitted, 
there  were  8,830  (28.28^)  who  entered  the  middle  school 
light  after  their  gi-aduation  from  ordinary  elementary  schools 
and    the    others    have  been    studying   one    year  or  more  in 


AKT.  n.]  MIDDLE    SCHOOL  9 

liigher  oleniontary  schools.  Consequently  tlie  miiiimiiin  aj^e 
of  the  applicants  admitted  is  twelve,  and  the  maximnm 
thirteen  or  fourteen. 

SECTION  II.     Graduates  of  Middle  Schools. 

Either  the  gradiiates  of  middle  schools  or  those  whose 
attainments  are  equal  or  superior  to  those  of  graduates  are 
(piahfied  to  enter  high  schools,  higher  special  schools  of 
various  kinds  and  industrial  s^^ecial  schools.  But  as  there 
are  rat^re  applicants  than  vacancies,  only  a  small  part  of 
them  are  admitted  into  those  schools,  and  the  others  have  to 
undergo  preparatory  studies  in  order  to  pass  the  entrance 
examination  the  year  after.  However  some  of  them  are  unable 
to  accomplish  their  objects  in  one  or  two  years  after  their 
gi'adiuition,  and  many  of  them  change  their  long-cherished 
purp<jse  and  Ijecome  officials,  teachei's,   or  else  enter  business. 

Tlie  following  table  shows  the  a)ndition  of  the  graduates 
of  middle  scIkjoIs  for   1909. 

Graduates  of  middle   schools             .  .  14,595  ; 

Students  in  high  schtxjls 1,087  ; 

8tudnts  in  governmental,  public  and 

private  schools 4,099 

Government  officials  and  teachers   . .  1,277 

Engaged  in  busijiess 1,495 

Deceased      51 

Others 6,586. 


CHAPTER    IV. 

ATSl  OE  MATHEMATICS  IN  THE  MIDDLE  SCHOOLS. 

SECTION   I.     General  Aim. 

In  order  to  discuss  the  aim  of  the  teaching  of  mathematics 
we  must  consider  its   value    from    tlie    standpoint    of  higher 
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common  education.  Though  the  vahie  of  mathematics  may 
present  manifold  aspects,  all  may  be  reduced  to  the  follow- 
ing three : 

1.    ImpartdsCt  knowledge  necessary  to  daily  life. 

Closely  related  to  daily  life  and  indispensable  to  it  is 
knowledge  of  the  national  language,  and  next  to  that,  of 
the  art  of  computation  and  of  ordinary  mathematical 
quantities.     This  is  universally  acknowledged. 

2.  Gi\tnTt  fundamental  knowledge. 

For  various  sciences,  arts  or  industry,  wliich  ha^e 
advanced  material  civilization,  mathematical  knowledge  iwo- 
vides  a  foundation,  and  the  advancement  and  development 
of  these  achievements  more  and  more  demand  mathematical 
knowledge.  And  thus,  for  all  who  are  to  be  in  touch  with 
present-day  civilization  and  to  form  the  middle  and  upper 
class  of  the  people  the  study  of  mathematics  is   indispensable. 

3.  Cultivation  of  mental  powers. 

Mathematics  is  the  gi'oundwork  of  accurate  science.  It 
renders  reasoning  accurate  and  thinking  ]irecise.  And  the 
influence  and  effect  which  it  exerts  upon  the  cultivation  of 
our  mental  powers  can  not  be  compared  with  any  other 
subjects  in  ordinary  education.  Moreover,  the  training  of 
mental  powers  as  such  is  of  itself  very  necessary  for  all  who 
are  to  study  any  kind  of  science  or  art  or  to  engage  in 
any  kind  of  Inisiness  in  future.  Therefore,  the  value  of 
mathematical  training  for  general  education  is  not  inferior 
to  the  direct  usefulness  of  mathematical   knowledge. 

Tlie  teaching  of  mathematics  in  the  middle  schools  ought 
to  be  in  thorough  accord  with  the  |X)ints  stat(Hl  above,  and 
ought  to  aim  at  giving,  first,  practical  knowledge,  and 
secondl}',  formal  culture,  and  it  ought  to  attach  imp)rtance 
equall}'  to  both,  and  never  be  partial  to  either. 
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Concerning  the  teacliing  of  niiitlienifitics,  t]i(>  i-egulatioiis 
for  carrying  out  the  Ordinjinco  relating  to  middle  schools 
also  prescribe  the  following : 

The  cliief  aim  of  tJie  teaching  of  mathematics  is  to  make 
clear  the  relation  of  matlieniatical  quantities,  to  make  com- 
putation thoroughly  familiar  and  to  make  thinking  acciu'ate. 

In  the  revised  regulations  this  is  supplemented  as 
follows  : 

The  chief  aim  of  mathematics  is  to  give  the  pupils 
knowledge  concerning  mathematical  quantities,  to  make  them 
thoroughly  familiar  with  computation,  to  render  them  skilled 
in  its  application  as  well  as  to  train  them  in  accurate 
thinking. 

Thus,  the  teaching  of  mathematics  in  middle  schools, 
though  its  aim  is  not  clearly  stated,  tends  to  put  too  muclx 
stress  on  the  cultivation  of  mental  powers  and  to  lack  not  a 
little  in  giving  knowledge  of  the  practical  sort.  The  cultiva- 
tion of  mental  x^oAvers,  however,  can  be  accomplished  not  l)y 
the  teaching  of  mathematics  onlj',  but  by  every  su1)ject  of 
study ;  modern  j)«ychologists  unite  in  acknowledging  this. 
Of  course,  also  in  the  teaching  of  mathematics,  this  must  be 
zealously  striven  for,  l)ut  the  direct  aim  of  the  teaching  of 
mathematics  must  be  to  impart  knowledge  concerning  math(>- 
matics  and  skill  in  its  application. 

SECTION  II.    Aim  of  Each  Branch. 

Tlie  general  aim  of  mathematics  has  been  stated  above. 
But  if  we  come  to  discuss  each  branch,  circumstances  are 
not  always  the  same.  E{ich  braiicli  has  its  owji  special  aim. 
Consequently,  we  must  understand  the  aim  of  each  Ijranch 
and  strive  to  attain  it  at  the  same  time,  trying  to  accom- 
X^lish  the  general  aim  liy  acting  in  concert  and  ]iel[)iiig  one 
another. 

I.     Aim  of  arithmetic. 

The  aim  of  arithmetic  in  middle  schools  is  as  follows  : 
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(1.)  To  give  pupils  the  knowledge  of  arithmetic  neces- 
saiy  for  tlail}^  life  and  to  make  them  understand  its 
application. 

(2.)     To  make  pupils  familiar  with  computation. 

(B.)  To  make  pupils  understand  the  meaning  of  com- 
putation and  the  reasons  of  rules,  and  to  gi"ound  them  in 
mathematical  reasoning. 

(4.)     To  prepare  for  other  branches  of  mathematics. 

Of  the  whole  of  mathematics  the  knowledge  of  aritlimetic 
has  tlie  most  impoi-tant  connection  with  our  daily  h"fe.  So 
it  must  be  the  aim  in  teaching  arithmetic  to  give  pupils 
whatever  is  most  necessary  in  daily  life,  skill  in  its  applica- 
tion, in  general,  knowledge  and  ability  adapted  to  ])ractical 
life. 

Though  much  work  and  x^ractice  are  spent  in  elementary 
schools  to  make  the  x^^^pils  familiar  with  computation,  the 
result  in  appKcants  admitted  to  middle  schools  is  found  to 
be  unsatisfactory.  When  pu]iils  try  to  solve  arithmetical  or 
algebraical  problems  they  often  fail  although  they  know-  the 
theory  and  method  of  solution.  These  unsatisfactory  results 
in  the  teaching  of  arithmetic  and  algebra  are  owing  to  the 
fact  that  pupils  are  not  thoroughly  familiar  with  computa- 
tion. In  the  teaching  of  arithmetic,  it  is  foimd  that  though 
the  pupils  in  the  lower  classes  are  interested  even  in 
mechanical  exercises  of  numerical  computations,  the  pupils  of 
the  higher  classes  gi-adually  cease  to  be  interested  in  such 
exercises.  Hence,  in  the  lower  classes,  pupils  should  lie  made 
thoroughly  familiar  Avith  computation  in  arithmetic. 

Most  of  the  arithmetic  taught  in  middle  schools  has 
already  been  leai"ued  in  elementary  schools.  Thus,  there  is 
no  need  of  teaching  the  rules  of  computation,  etc.  But  the 
more  fundamental  knowledge,  as  to  the  meaning  of  C(jm- 
putation,  the  reasons  of  rules,  etc.,  even  if  it  is  touched 
iipon  in  elementary  schools,  it  is  only  in  the  form  of 
examj)les,  and  certainly  not  fully  understood.     It    would    be 
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nufjiir  to  domaiid  so  nwcli  of  elementary  scliool  toacliiiig, 
Imt  in  the  middle  scliools,  as  the  j)wpi]s'  reasoning  faculty 
de^'clops  with  age  and  as  at  the  same  time  algebra  is  also 
taught,  the  pupils  naust  be  made  to  understand  these  funda- 
mentals and  thus  make  the  best  use  of  their  algebraic 
knowledge.  As,  in  addition  to  arithmetic,  algebra,  geometr\' 
and  trigonometry  are  also  taught  in  middle  schools,  the 
necessar}'  x^'eparation  for  the  study  of  these  branches  must 
be  made  in  teaching  arithmetic  bj'  keei^ing  in  mind  its 
connection  with  them.  ]Many  inconveniences  are  experienced 
in  the  teaching  of  other  branches  of  mathematics  simply  be- 
cause in  the  teaching  of  arithmetic  the  connection  with  other 
branches  has  been  lost  sight  of. 

II.     Aim  of   algebra. 

Tlie  sx)ecial  aim  of  algebra  is  as  follows  : 

1.  To  make  pupils  familiar  with  computation. 

2.  To  give  pupils  explanations  concerning  the  rules  of 
computation  of  various  kinds. 

3.  To  give  pupils  the  elementary  notion  of  function. 
To  make  pupils  familiar  with  computation  must    be  one 

part  of  the  aim  of  the  teaching  of  algebra  for  the  same 
reasons  as  hold  good  in  arithmetic. 

As  the  reasons  for  the  various  methods  of  arithmetical 
computation  can  not  be  thoroughly  given  in  arithmetic,  the}' 
must  be  explained  in  algebra  to  make  the  i)i^pils  understand 
them  definitely. 

To  give  the  pupils  an  elementary  conception  of  function 
is  most  important  as  a  direct  aim  in  teaching  algebra.  All 
mathematical  quantities  found  in  daily  life  and  in  several 
sciences  are  variable  in  natm-e,  and  those  variations  neces- 
sarily accompany  the  variation  of  other  related  quantities. 
Unless  we  have  clear  conceptions  concerning  these  quantities 
and  their  relations,  we  can  never  understand  nature  and 
have  control  over  her.  Algebra  is  the  science  relating  to 
these  quantities.     Tlie  main    aim  of  algebra  is  to  investigate 
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the  nature  of  function.  Tliis  is  the  reason  why  accurate 
sciences  like  phj'sics,  etc.  can  not  exist  apai-t  from  the 
knowledge  of  algebra.  And  this  is  the  reason  wliy  algelora 
is  included  in  the  curriculum  of  higher  common  education. 

m.     Aim  of  geometry. 

The  principal  aim  of  the  teaching  of  geometry  in  middle 
schools  is  as   follows  : 

1.  To  give  pupils  knowledge  concerning  space  and  to 
make  them  undei"staiid  its  application. 

2.  To  cultivate  the  mental  powers. 

Geometry  treats  of  the  natm'e  of  space,  and  knowledge 
concerning  space  is  necessary  to  every  one.  Ho  it  must  be 
one  of  the  cliief  aims  of  the  teaching  of  geometry  to  give 
pupils  knowledge  concerning  space  and  its  application. 

The  reasoning  usually  adopted  in  the  teacliing  in  middle 
schools  is  based  upon  analogy  and  is  seldom  by  way  of 
direct  proof.  In  algebra  and  trigonometry,  the  proofs  are 
given  by  way  of  changing  expressions,  so  that  these  branches 
are  much  inferior  to  geometry  in  cultivating  the  reasoning 
faculty.  Of  so  many  subjects  taught  in  middle  schools, 
geometry  is  the  fittest  for  the  purpose  of  cultivating  the 
reasoning  faculty.  This  poiiit,  therefore,  should  be  em- 
l^hasized  in  teaching  geometry, 

rV.     Aim  of  trigonometry. 

The  aim  of  trigonometry  is  : 

1.  To  make  x^npils  know  the  solution  of  triangles  and 
its  ai)plication. 

2.  To  establish  connection  and  unity  among  various 
branches  of  mathematics. 

In  middle  schools  not  many  hoiu's  can  be  apj)lied  to 
teacliing  trigonometry.  Therefore,  we  must  be  satisfied  with 
affording  pupils  the  solution  of  triangles  and  its  application. 
And,  at  the  same  time  these  two  points  must  be  looked 
upon  as  the  chief  aim  of  the  teacliing  of  trigonometry. 

In  teacliing  mathemr=tics  in  the    middle    schools,    various 
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branches  are  taiiglit  oxtciidintjf  over  several  years,  and  tliongli 
they  are  taught  with  s^x^cial  reference  to  their  mntnal 
connection,  it  is  very  hard  to  harmonize  them.  But  in 
trigonometry  many  splendid  oppoiiunities  for  tliis  j)^^i"iwse 
present  themselves,  Ix^cause  diagrams  taught  in  geometiy  and 
vai'ious  rules  of  computation  taught  in  arithmetic  and  alge- 
bra are  frequently  applied  in  trigonometiy.  This  unity  in 
the  teaching  of  mathematics  should  he  made  one  of  the  aims 
of  the  teaching  of  trigonometry'. 

CHAPTER   V. 

SUBJECT  MATTER  OF  MATHEMATICS. 


SECTION    I.       Subjscts,     their     Distribution,     and    Number 
Recitation   hours. 


of 


The  subjects,  their  distribution  and  the  number  of  re- 
citation hours  in  the  teaching  of  matliematics  in  middle 
schools  are  prescribed  in  the  regulations  for  can-ying  out  the 
Ordinance  relating  to  middle  schools  as  well  as  in  the 
syllabus  of  teaching. 

The  branches  of  mathematics  taught  in  middle  schools 
are  arithmetic,  algebra,  geometry  and  trigonometry,  and  the 
following  table  shows  their  distribution  and  recitation  hours 
X)er  week. 


""~~^---.,,,,^^^      Yeiir 

I 

n 

ni 

IV 

Y 

Arithmetic    

4 

2 

Algebra  

2 

2 

2 

Geometry 

2 

2 

2 

Trigonometry 

2 

in 
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The  recitation  horn's  stated  iu  the  foregoing  table  are  t<K) 
feAV  in  comj)arison  with  the  matter  prescribed  in  the  syllabus 
of  teacliing,  and  many  inconveniences  and  difficulties  are 
experienced  in  teacliing  them,  and  it  is  quite  impossible  to 
accomplish  the  real  object  of  the  teaching  of  mathematics. 
80  it  was  generally  hox^ed  for  some  time  that  the  recitation 
hours  in  mathematics  would  be  increased.  Later  on,  some 
paiis  of  the  regiilations  for  carrying  out  the  Ordinance  relat- 
ing to  middle  schools  were  revised,  and  it  was  permitted  to 
apportion  to  mathematics  the  recitation  houi-s  of  law  and 
economics  or  music,  in  case  these  were  omitted.  Moreover, 
it  was  also  permitted,  if  necessary,  to  increase  the  total 
number  of  recitation  hom-s  per  week  by  not  more  than  two 
hours.  Thus  not  on!}"  those  schools  in  which  law  and 
economics  or  music  are  omitted,  but  also  those  in  which 
they  are  taught,  all  increased  the  recitation  hours  in  mathe- 
matics. The  number  of  recitation  hours  which  were  added 
in  different  schools  were  not  the  same,  but  in  most  of  them 
one  hour  -per  week  was  added,  as  follows : 


I 

II 

III 

IV 

V 

Arithmetic    

5 

2 

Algebra      

3 

3 

2 

1 

Greometry 

'2 

3 

2 

Trigonometry  .... 

2 

111  the  revised  regulations  wluch  will  Ije  put  into  force 
next  year,  one  hour  in  the  third  year  only  is  added,  and  in 
case  law  and  economics  or  music  are  omitted,  their  recitation 
liours  can  be  expediently  apportioned  to  some  other  branch, 
but  outside  of  tliis,  it  is  not  permitted  to  add  any  recitation 
hours. 
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As  tlie  result  of  the  rovlsion,  the  number  of  recitation 
lioui*s  after  next  year  will  be  as  below.  Even  at  present, 
however,  law  and  economics  or  music  is  omitted  in  many 
schools,  and  the  whole  or  a  part  of  the  recitation  hours  in 
these  subjects  are  apportioned  to   mathematics. 


~^^~--~^,_^^     Years 

I 

II 

in 

IV 

Y 

Arithmetic    

4 

Algebra      

4 

1   ^' 

4 

Geometry 

1     ' 

Trigonometry  .... 

It  is  to  lie  regi-etted  that  the  number  of  recitation  hours 
in  mathematics  now  prevailing  in  many  schools  is  not 
adopted  in  the  revised  regulations.  However,  in  the  third 
year  class  one  hour  per  week  is  added,  and  at  the  same 
time  the  revised  syllabus  of  teaching  ]3rovides  for  taking 
arithmetic  and  algebra  together,  and  for  omitting  the  theory 
of  permutation  and  combination,  and  the  binomial  theorem 
from  algebra,  and  thus  the  inconveniences  and  difficulties  in 
the  teaching  of  mathematics  caused  by  the  lack  of  recitation 
liom's  may  be  considerably  reduced. 
SECTION  II.     Grade  and  Distribution  of  Eacli  Branch. 

The  gi'ade  and  distribution  of  each  liranch  in  the  course 
in  mathematics  are  j)i'escribed  by  the  Syllabus  of  Teaching 
for  middle  schools. 

Syllabus  of  Teaching  roii  Middle  Schools. 
Mathematics. 
(1)     Arithmetic. 
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First  Year 4  hours  a  week. 

Introduction. 

Numeration  ;  ncjtation  ;  decimals. 

Integers  and  decimals. 

Addition,  subtraction,  multiplication  and  division. 

Compound  numbers. 

Time  ;  metric  system  of  weights  and  measures ; 
sliaku-kwan  system  of  weights  and  measures  ;  Japanese 
money ;  foreign  systems  of  weights  and  measures  as 
well  as  of  money ;  reduction  and  numeration  of  com- 
pound numbers ;  addition,  subtraction,  multiplication 
and  division  in  compound  numbers  ;  English  system 
of  weights  and  measures  as  well  as  of  money ;  in 
addition  to  these,  complex  non-decimal  compound 
numbers  may  conveniently  bo  given  with  or  after 
fractions. 

Properties  of  integers. 

Divisibility  ;  i3rime  numbers  ;  factors  ;  greatest  common 
factor ;  least  common  multiple. 

Fractions. 

Principal  properties  of  fractions ;  (reduction  to  the 
lowest  terms ;  reduction  to  the  common  denominator)  ; 
reduction  of  fractions  to  decimals  :  addition,  subtrac- 
tion, multiplication  and  division  of  fractions. 

Ratio  and  proportion. 
Ratio ;  proiX)rtion. 
Second  Year 2  hom*s  a  week. 

Ratio  and  pro]X)rtion   continued. 

Chain  rule ;  proportional  j)arts  ;   alligation. 

Percentage. 

PreHminary  remarks ;  percentage ;  interest :  daily 
computations  relating  to  percentage. 

Powers  and  roots. 

Square  and  square  roots ;  cube  and  culje  roots ; 
mensuration. 
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(2)     Ahjdtra. 
Second  Year '2  lioui's  ji  week. 

Introduction. 

Definition  of  symbols  ;  alge1)raical  expressions  ;  associa- 
tive law  ;  expression  of  definitions  ;  negative  numbers. 

Integral  expressions. 

Addition,  sul)traction,  nuilti plication,  and  division. 

Equations. 

Linear  eqimtions  Avitli  one  unknown  quantity. 
Third  Year 2  hours  a  week. 

I^][uations  continued . 

Linear  simultaneous  equations  with  more  than  one 
unknown  quantity. 

Litegral  expressions  continued. 

FormuLae  relating  to  distributive  laAv  ;  factors  ;  gi'eatest 
common  factor ;  least  common    nmltiple. 

Fractional  expressions. 

Fundamental  properties  of  fractions  (reduction  to  the 
lowest  terms  ;  reduction  to  the  common  denominator)  ; 
addition,  subtraction,  multiplication,  division  of 
fractions. 

Equations  contiimed. 

Ecpiations  with  one  unknown  quantity  reducible  to 
linear  equations ;  quadratic  equations  with  one  un- 
known quantity  ;  equations  with  one  unknown  quantity 
reducible  to  quadratic  equations ;  simultaneous  ef[ua- 
tions  containing  quadratic  equations ;  explanations 
relating  to  the  solution  of  equations. 
Fourth  Y'ear. 

IiTational  expressions. 

Extension  of  the  definition  of  exponent ;  irrational 
numters  ;  rational  numbers  approximating  to  irrational 
numbers. 

liatio  and  prox)orti(m. 

Cases  with  pure  numbers ;  cases  with  quantities  (com- 
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meiisui'.-ihle    quantities,    incommensraviblo    quantities); 

surds. 
Progi'essions. 

Aiitlimetioal  x^i'ogi'ession  ;  o;eometTieal  progi'ession . 
Pei'mutati(jn  and  combination. 
Binomial   theorem. 

Case  "svitli  integral  exponents. 
Tjogarithm. 

Fmidamontal    propeiiies    of    logarithms ;    logarithmic 

tables. 
(•5)      Geometry. 

Tliird  Year 2  hours  a  "v^eek, 

Inti'oduction. 
Straight  line. 

Angles  ;  x^fii'allf'l  lines  ;  triangles ;  j)arallelogi'ams. 
Circles. 

Fundamental    properties    of    circles ;    angles     at    the 

center ;    chords ;    angles    in    the    segment ;    tangents ; 

contact  of  two  circles. 

Fourth  Year 2  hours  a  week. 

Circle  continued. 

Inscribed  and  circumscribed  figures. 
Area. 

Linear  figures ;  equality  and  congruence  of  areas. 
Proportion. 

Definition  of  equal    ratios ;    general    theorems   derived 

from  tliis  definition. 
Application  of  proportion. 

Proportional  lines ;  similar  figures. 

Fifth  Years 2  hours  a  week. 

Aj)plication  of  j)roportion   continued. 

Areas ;  loci. 
Planes. 

Straight  lines  and  planes ;  solid  angles. 
Polyhedrons. 
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Prism  ;  pyramid  ;  regular  i-)olyliodrons. 

Curved  solids. 

Sphere;  circular  c^dinder ;  circular  i\nn\ 

(4)      Tri(joiioincfr//. 
Fifth  Year       2  hours  a  week. 

Method  of  measuiiug   angles. 
Sexagesimal  method. 

Circular   functions. 

Circular  functions  of  acute  angles ;  mutual  relations 
among  circular  functions ;  change  of  the  sign  and 
magnitude  of  circular  functions ;  circular  functions  of 
negative  angles ;  circular  functions  of  supplementary 
angles. 

Formulae  relating  to  the  sum  of  angles. 

Circular  functions  of  the  sum  and  difference  of  two 
angles  ;  circular  functions  of  the  multiple  or  division 
of  angles  ;  formulae  relating  to  the  i:)roduct  of  circular 
functions  ;  formulae  relating  to  the  sum  and  difference 
of  circular   functions. 

lielation  between  sides  and  circular  functions  of  angles  of 
triangles. 

Use  of  logarithmic  tables. 

Solution  of  triangles. 

Methods  of  surveying  height,  distance,  A.c,   and   practical 

exercises. 

Hem  ARKS  AS  to  Teaching. 

1.  Ill  teaching  mathematics,  always  use  exact  words  in 
stating  <jr  proving  I'ules  and  propositions,  and  try  to  make 
them  accurately  understood. 

2.  In  arithmetic,  do  not  simi)ly  give  comx^utation  rules, 
but  always  put  stress  on  computation  practice,  and  try  to 
train  pupils  to  compute  promptly  and  accuratel}'. 

3.  Li  computation,  make  the  verification  if  possible,  and 
thus  strengthen  the  pupils'  conviction. 

-1.     In  selecting  arithmetical  pnjblems,  try  to  select  such 
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fis  fire  most  adapted  to  daily  life,  and  iu  assij^iiing  pro])lems 
relating  to  percentage  or  to  other  computations  iu  daily  life, 
give  special  attention  to  explaining  the  items  involved  in 
those  problems. 

5.  In  arithmetic,  if  the  reason  for  a  certain  nile  cannot 
be  understood  l)y  the  pux:>ils,  liegin  h)  deal  witli  the  rnle  as 
snch,  and  defer  its, rigorous  proof  to  algelira. 

C).  In  teaching  linear  equation  in  algebra,  do  not  limit 
it  to  one  place,  but,  often  make  use  of  its  simpler  cases  so 
as  to  awake  pupils'  interest  in    algebra. 

7.  In  teaclnng  geometry,  attach  importance  to  the  strict- 
ness of  reasoning.  In  teaching  proportion,  for  instance, 
neither  omit  nor  leave  ambiguous  a]iy  part  oi  it  in  order  tf) 
make  it  easiei'.  It  is  not  objectionable,  however,  to  ]^K)stpone 
this  till  later  on. 

8.  Give  geometrical  problems  an  adequate  place,  view- 
ing them  from  the  standj)oint  of  proofs. 

9.  It  is  preferable  to  give  different  forms  of  proofs  or 
the  relation  among  proofs  after  some  progress  has  been 
made  rather  than  at  the  very  beginning. 

10.  In  trigonometry,  the  measuring  (^f  heights,  distances, 
&c.  together  with  i^ractice  therein  should  be  given  as  early 
as  x>ossible  so  as  to  ai:)X)eal  to  the  pupils'   interest. 

11.  In  regard  to  circular  functions,  it  is  preferable  to 
use  their  true  A^alues  at  first  and  then  their  logarithms. 

12.  Reference  articles  for  teaching  should  be  the  ft)lloM- 
ing : 

A  sun-dial,  a  watch,  a  compass,  a  meter,  comparative 
measures  of  three  kinds,  a  Japanese  balance,  metrics 
ANeights,  a  plat-form  scale,  a  liquid  measure,  a  dr^' 
measure,  metric  measures,  foreign  linear  measures,  a 
blacklx)ard  comx)ass,  blackboard  ntles  of  various  kinds, 
a  model  of  vernier,  a  theodolite,  a  ta^x^  measure, 
Gunter's  chain,  flag-staffs,  &c.,  figures  of  Japanese  coins, 
figures    of    foreign  coins,  mcxlels  of  geometrical  solids. 
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Tlie  filx)ve-monti()ncd  sjlliilms  of  toacliing  for  mkldU; 
scliools  was  i^ut  into  force  in  1902,  and  has  since  Ijeen  in 
practice  up  to  this  date.  In  accordance  with  it  mathematics 
as  a  subject  of  instruction,  x^roves  to  be  so  difficult  for  botli 
teachers  and  piipils  notwithstanding  its  s]3ecial  im])oi*tance 
that  complaint  has  constantly  been  lieard  from  both  as  well 
as  from  tlie  public  about  the  result.  Indeed,  the  problem 
how  to  remove  the  gi'eat  difficulties  from  the  teacliing  of 
mathematics  in  middle  schools  and  how  to  secure  its  proper 
influence  lias  for  many  year's  been  constantly  discussed 
among  educatoi's,  some  having  tried  to  investigate  the  causes 
of  the  difficulties  and  othei"s  to  contrive  methods  of  teaching. 
But  in  spite  of  all  the  effort  expended  no  satisfactory  solu- 
tion has  as  yet  been  reached. 

It  seems  that  the  cause  of  incon'^'eniences  and  difficulties 
in  the  teaching  of  mathematics  is  the  imperfect  distribution 
of  each  branch  and  poor  arrangement  of  its  materials  in  the 
l^resent  syllabus  of  teaching.  These  j)roblems  can  not  be 
solved  unless  this  fundamental  an-angement  is  revised.  Tlie 
coui'se  of  teaching  is,  however,  j)i'escribed  by  the  syllabus  of 
teaching  in  middle  schools  and  the  teachers  must  follow  it 
and  can  not  freely  change  it.  So  their  investigation  can  never 
touch  the  fmidamental  points. 

Li  the  middle  school  attached  to  the  Tok3'o  Higher 
Normal  School,  there  has  been  a  long  investigation  as  to  the 
causes  of  the  inconveniences  and  difficulties  in  the  teaching 
of  mathematics,  and  finally  it  was  found  that  the  ])resent 
syllabus  of  teaching  is  not  adapted  to  the  pupils,  with 
regard  to  their  psychological  development  and  with  reference 
to  the  relations  of  the  different  bi;anches  of  mathematics.  A 
new  plan  of  apiwiiionment  of  each  branch  and  a  new 
aiTangement  of  the  subject  matter  Avas  drtii'ted  and  put  in 
force  since  the  year  1905.  It  has  been  found  that  it  is  very 
convenient  and  i)rofitable  in  teaching  mathematics.  Recently', 
in  many  middle  schools  this  go(Kl  effect  lias  been    heaixl    t)f 
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find  has  aroiised  the  desire  of  imitation.  Bat  as  this  arrange- 
ment is  against  the  i3resen  tsyllabus  of  teaching  and  as  no 
text  l)ooks  liave  been  written  according  to  this  new  x^lan,  it 
is,  alas,  quite  liard  to  pnt  it  in  force. 

However,  in  the  revised  syllabus  of  teaching  exactly  the 
Same  view  has  been  adopted  as  to  mathematics  and  the 
new  plan  will  be  Avidely  followed  by  middle  schools  in  general. 
Thus     the     long-discussed      questions     have     been      solved. 

Now,  let  us  mention  the  main  topics  of  the  teaching  of 
mathematics  adopted  in  the  middle  school  attached  to  the 
Tokyo  Higher  Normal  School,  ex])lain  how  it  differs  fi'om  tlie 
ordinary  one,  and  mention  also  the  revised  syllal)us  of 
teaching. 

Main  Topics  in  the  Teacliing  of  Mathematics  adopted  in 
the  Middle  School  attached  to  the  Tokyo  Higlier 
Normal  School  and  main  Reasons  therefor. 

I,     Arithmetic  and  Algel)ra. 

According  to  the  present  S3dlabus  of  teacliing  in  middle 
schools,  arithmetic  is  assigned  to  the  pupils  lx4ow  the  second 
year  class,  and  it  is  quite  difficult  to  niak(^  them  thoroughly 
understand  the  reasons  concerning  computation,  und  to  make 
them  familiar  with  its  use.  Not  only  those  who  are  engaged 
in  teaching  matheuiatics  meet  with  many  inconveniences 
and  difficulties,  but  graduates  of  middle  schools  alwa.ys  feel 
uueasy  alx)ut  their  own  knowledge  in  arithmetic  and 
algebra. 

Now  the  explanation  of  the  rales  of  compiitation  in 
arithmetic  is  mostly  based  upon  the  theory  of  algebra,  and 
algebra  is  reciprocally  based  upon  arithmetic.  But  these 
intimate  relations  are  overlooked  in  the  present  sjdlabus 
of  teaching,  and  those  items  which  can  be  explained  only 
in  algebra,  or  can  be  more  easily  ex[)lained  in  algel)ra,  are 
all  taught  compulsorily  in    arithmetic,    and    iji  the    teaching 
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of  iilgobra  the  items  taiiglit  in  jiritlmietic  arc  (jverlooked, 
and  tlms  tlio  two  collide.  Aritliraetic  is  tau}T;lit  in  the  fii'st 
two  jeai"s  when  pupils  are  still  young  and  later  on  in 
algebra  ^liat  relates  to  arithmetic  is  almost  entirely  dis- 
regarded. Thus  the  knowledge  of  algebra  and  geometi-y  is 
not  utilized  in  the  teaeliing  of  arithmetic,  and  many  in- 
conveniences and  difficulties  accnie'  in  teaching  arithmetic, 
nor  can  its  complete  purjwse  be  accomplished. 

Lideed  we  can  not  understand  why  arithmeti(3  and  algebra 
are  separated,  and  why  arithmetic  is  assigned  to  the  fii'st 
and  the  second  year,  wlule  algebra  is  in  the  third  year 
and  ujDward.  It  is  not  in  accord  with  the  state  of  the 
pupils'  psychological  development  and  the  relations  between 
arithmetic  and  algebra.  This  is  the  reason  why  the  preseiit 
syllabus  of  teaching  is  not  adliered  to  and  why  a  new 
arrangement  of  the  subject  matter  has  Ijeen  drafted. 

Let  us  mention  the  outlines  of  the  new  plan  and  explain 
the  difference  Ijetween  it  and  the  i3resent  syllabus  of  teaching. 
Apportionment  of  the  main  topics  of 
arithmetic  and  algebra. 
First  Year       4  hours  a  week. 

Numeration,  notation,  decimals. 

Compound  numbers  (a   part). 

Addition,  subti'action,  multiplication,  division. 

Multiples,  factors,  fractions. 

Comxxjund  numbers  (a  part). 

Katio  and   propoiiion. 

Compound  proportion  (an  (nitUue). 

Proportional  parts  (an  outline). 

Percentage  (an  outline). 

Miscellaneous  prol)lems  in  I'atio  and  proportion. 
Second  Year -4  houjs  a  week. 

Negative  numbers. 

Addition,  subtraction,   multiplication    and    division   iii 
algebra. 
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Linear  equations  (containing  no  lettere  in  co-efficients). 

Simultaneous  linear  equations   (  „  ). 

Factors  (a  part). 

Greatest  common  factor. 

licast  common  multiple. 

Fractional  expressions. 

Literal  equations  (of  the  first  degree). 
Tliird  Year 2  hours  a  week. 

Powers  and  roots  (a  part). 

Quadratic  equations. 

Factors  (a  x)art). 

Equations  of  higher  than  the  second  degree  ( tliose  that 
can  be  reduced  to  quadi'atic    equations). 

Fractional  ec£uations. 

Simultaneous  quadratic  equations. 
Fourth  Year "2  hours  a  week. 

Powers  and  roots  (a  part). 

IiTational  equations. 

Liequalities. 

ilatio  and  proportion. 

Compound  propoiiion. 

Cliain  rule. 

Proportional   x^arts. 

Alligation. 

Miscellaneous  problems  in  proportion. 

Progi'essions. 
Fifth  Year      1  hour  a  Aveek. 

Logarithms. 

Percentage. 

Literest. 

Annuities. 

Permutation. 

Combination. 

Binomial  theorem. 

Mathematical  induction. 
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On  numbers. 
On  eqaitions. 

The  number  of  recitation  hours  is  insufficient  to  complete 
the  lessons  of  arithmetic  and  algebra  by  tlie  end  of  the 
fourth  year.  It  is  more  convenient  to  teach  such  arithmeticd 
items  as  percentage,  interest,  Arc.  Avhicli  relate  to  daily  life, 
in  the  fifth  year.  And  fui-ther,  it  is  of  great  benefit  to  give 
algebra  togethei"  with  trigonometry  and  solid  geometry  so  as 
to  make  possilile  tlierel)y  some  systematic  unity  among  the 
various  branches  of  mathematics.  Accordingly  the  syllabus 
in  Imnd  adds  in  the  fiftli  year  one  hour  for  arithmetic  and 
algebra  to  what  is  at  j)resent  prescribed. 

In  the  first  year,  arithmetic  is  to  be  taught,  not  by 
taking  a  certain  definite  portion  of  the  first  part,  l)ut  by 
selecting  from  all  j)arts  simx^le  matei'ials  as  well  as  those 
items  which  constitute  the  basis  of  mathematics.  And  such 
items  wliich  are  more  difficult  than  the  rudiments  of  algebra, 
or  which  can  l)e  lietter  understood  in  connection  with  similar 
items  of  algebra,  are  to  be  taught  from  tlie  second  year 
upward  on  suitable  occasions  in  algebra.  Consequently,  from 
the  second  year  upward,  there  is  absolutely  no  separate 
apportionment  of  hours  for  arithmetic  and  for  algelira. 

The  x^i^ipils  liave  already  learned  in  elementary  schools 
the  meaning  and  rules  of  computations  relating  to  addition, 
subtraction,  multiplication,  and  division,  compound  numbers 
and  fractions  in  arithmetic,  at  least  in  their  outlines. 
Consequently,  in  the  first  yoar,  they  should  inainly  be 
assigned  problems  and  drilled  in  them  rather  than  be  taught 
b}'  beginning  with  the  definiticms  of  these  items.  And  while 
they  are  thus  drilled,  they  should  b(^  streugtheiUMl  in  what- 
ever knowledge  they  have  i^reviouslj'  acquired,  tlieir  deficiencies 
should  Ije  supplemented,  the  rules  of  computation  should  be 
unified  and  rendered  thoroughly  familiar.  The  syllabns  in 
hand  indicates  the  materials  to  be  taught  not  in  tlieir  order, 
but  merely  in  the  pi'oper  amount. 
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Ill  n^gjird  to  the  proiwrtion  and  percentage  in  arithmetic, 
the  knowledge  the  x^npils  have  acquired  in  elementary  sclifj<jls 
is  far  from  being  complete.  Therefore,  these  points  must  ho 
accorded  special  treatment.  In  the  first  3'ear,  siraj)ler 
cases  are  given  in  connection  with  ratio  and  proportion, 
compound  interest,  and  annuity  in  algebra.  At  the  time 
when  proportion  is  given,  it  is  hinted  how  numbers  might 
be  expressed  by  means  of  letters.  And  while  applied  pro- 
])lems  are  given,  the  solution  l)y  means  of  aquations  is  at 
times  alluded  to,  so  as  to  clear  the  way   for   algebra. 

Arithmetical  square  roots  and  cube  roots  are  taught  in 
connection  with  algebraical  square  roots  and  cube  roots  in 
quadratic  equations.  A  thowxigh  understanding  of  mensura- 
tion is  unattainable  Avithout  the  help  of  geometiy.  And,  in 
geometry,  when  theorems  relating  to  area  and  volume  are 
given,  applied  problems  requiring  computation  slKwld  he 
given,  so  as  to  make  their  meaning  thoroughly  understood, 
and  these  problems  are  therefore  to  be  omitted  in  arithmetic. 

At  the  beginning  of  the  second  year,  negative  numbers 
are  given  before  algebra  proper  be  understood,  and  x'^^pi^i^ 
are  made  thorouglily  proficient  in  comxxitation.  Thus  they  are 
thoroughly  prepared  for  the  free  use  of  all  numbers,  positive 
or  negative,  before  they  are  introduced  to  the  method  (3f 
expressing  numbers  by  letters,  and  finally  to  algebra  proper. 

In  teaching  algebra,  the  coiTesponding  items  in  aritlunetic 
should  always  be  kept  in  mind.  In  teaching  addition, 
subtraction,  multiplication  and  division  in  algebra,  their 
foiuidation  in  arithmetic  should  be  explained.  The  gi'eatest 
common  factor  and  the  least  common  multiple  in  algebra, 
to  give  another  instance,  are  taught  in  connection  with 
the  corresponding  arithmetical  xwobloms.  Moreover,  l)y 
mixing  numerical  exercises  in  algebraic  com]>utation,  (jr, 
by  inserting  large  numbers  in  the  applied  x^i^'^^^lems  in 
equation,  the  computing  ability  which  was  exercised  in  the 
fii'st  yeai',  is  kept  up  or  furtlier  improved. 
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In  the  ordinary  text  Ixiok,  eqnjitions  "with  literjil  cct- 
pfficients  are  given  from  the  xovy  heginning.  But  the 
thorough  iiudei-standiug  of  their  sohition  is  impossil>le  apart 
from  the  knowledge  relating  to  factors  and  fractions.  Accord- 
ingly the  syllabus  in  hand  puts  literal  equations  (of  the 
first  degi'ee)  after  fractions.  Until  then  numerical  equations 
alone  are  to  be  treated. 

The  theories  relating  to  fractional  equations  are  rather 
of  an  advanced  nature,  so  that  the  meaning  of  multiplying 
or  dividing  both  sides  of  equations  by  an  exj)ression  con- 
taining an  unknown  quantity  can  not  be  made  thoroughly 
clear  unless  it  is  explained  that  an  equation  ma}'  have  two 
or  more  than  two  roots.  Accordingly  what  concerns  fractional 
equations  is  to  be  given  after  quadratic  equations.  Also,  as 
the  x^roper  airangement  ought  to  give  irrational  equations 
after  surds  are  given,  the  sjdlabus  in  hand  has  adopted 
this  order. 

Computations  relating  to  inecpiality  can  never  be  effected 
mechanically.  If  the  attention  relaxes,  it  is  hardly  possible 
to  escafte  eiTors.  Pupils  are  thus  lieli)ed  to  Isecome  cautious 
and  trained  in  mathematical  reflection.  Therefore  these 
computations  are  adopted  by  the  new  syllabus. 

Even  though  the  measurement  of  quantity  is  taught  in 
geomtery,  jt  is  to  be  restricted  to  simple  numerical  computa- 
tions. Li  algebra,  even  if  the  domain  of  numbers  is 
gradually  enlarged  by  taking  in  negative  numbers,  iiTational 
uumljers,  imaginary  numbere,  &c.  the  explanation  for  tliem 
can  not  be  given  sufiiciently,  and  consequently  the  i)^^pils' 
ideas  concerning  numbers  are  generally  confused.  In  regard 
to  equations,  the  same  holds  true  :  pupils  have  no  unified 
knowledge  relating  to  the  difi:erent  solutions  of  various 
eq^^ations.  Even  if  particular  attention  is  had  in  teacliing, 
the  matter  given  to  beginners,  being  extended  over  several 
years,  cannot  but  be  disconnected  bits  of  knoAvledge.  By 
summarizing,  and  systematizing  however,  some  comiwehensive 
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algebraic  knowledge  can  for  the  first  time  be  brought  home 
to  their  minds.  Accordingly  the  syllabus  in  hand  at  the 
end  shows  the  heading  :  "  On  numbers  and  on  equations  ", 
meiiiing  a  general  summary. 

II.     Geometry  and  Trigonometry. 

The  middle  school  geometry  ought  to  aim  mainly  at 
cultivating  the  reasoning  faculty,  and  to  promote  the  under- 
standing of  logical  treatment.  Moreover  the  matter  treated 
in  geometry  being  the  properties  of  si)ace,  the  knowledge  of 
wliicli  is  so  necessary  for  every  one,  and  so  Ijroad  in  its 
applications,  this  study  should  never  be  neglected.  The 
syllabus  now  in  force,  however,  is  too  brief  in  tliis  respect, 
and  it  is  difficult  to  discern  its  view  about  it.  If  we  look 
at  the  text  books  compiled  in  accordance  with  the  syllabus 
now  in  force,  those  that  ai^e  rigorous  in  logic  are  deficient 
in  practical  applications,  those  that  are  satisfactory  in  that 
respect  are  lacking  in  logical  rigour,  and  none  fulfil  lioth 
requirements. 

Among  the  teachers  of  mathematics  in  middle  schools, 
there  are  many  who  consider  the  middle  school  geometry  as 
too  dr3%  and  too  difficult  for  the  ]3npils  to  understand,  and 
prefer  to  t('acli  the  so-called  rudiments  of  geometry,  or  prefer 
t(5  give  fundamental  geometrical  conceptions  by  way  of 
intuition  and  not  l\y  means  of  rigorous  definitions,  or  prefer 
to  increase  the  number  of  axioms,  or  to  x)rove  theorems  by 
way  of  experiment.  But,  after  all,  these  methods  simply 
deteriorate  the  logical  faculty,  impede  the  training  in  reason- 
ing, leave  bad  effects  injurious  to  later  teaching  in  rigorous 
logic  in  geometry,  jind  are  not  at  all  ade(iuate  for  the  teach- 
ing of  geometry.  According  to  the  exj^x^rience  in  middle 
schools,  if  the  teaching  is  adequate  there  seems  to  be  no 
difficult}'  in  giving  geometry  by  a  rigorously  logical  method 
from  the  tliird  year  upwards.  On  the  contrary,  the  pupils' 
interest  may  thereby  bo  commanded.     And  there  is  no  need 
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of  j2;iving  tlie  so-called  rudimonts  of  geometry. 

Tlie  present  syllabus  attaches  importance  to  mental 
ti'aining  as  well  as  to  practical  knowledge,  and  appeals 
from  the  very  loeginning  to  rigorously  logical  methods,  at 
the  same  time  tiyiug  to  promote  understanding  by  taking 
into  consideration  the  difficulty  of  tlie  different  subjects 
and  their  mutual  connections. 

In  middle  school  trigonometiy,  it  is  proper  to  attach 
importance  to  its  practical  side  ratlier  than  its  theoretical 
side.  As,  however,  trigonometry  deals  with  the  ai)plIcation 
of  the  properties  of  ligares  given  in  geometry  as  well  as 
of  the  rules  of  computation  given  in  arithmetic  and  algebra, 
special  attention  must  here  be  paid  to  the  interrelations 
between  various  branches  of   mathematics. 

Below  is  given  the  schedule  of  the  new  syllabus  and 
its  principal  topics  : 

(1)     Arrangement  of  main  topics  of  geometry. 
Third  Yeai- 2  hours  a  week. 

Introduction. 

Angles. 

Triangles. 

Parallel  straight  Unes. 

Linear  figures. 

Parallelogi'ams . 

Fundamental  properties  of  circles. 

Circular  arcs  and  chords. 

Circular  segments. 
Fourth  Year 2  hours  a  week. 

Tangents. 

Two  circles. 

Inscribed   figures. 

Circumscribed  figures. 

Kelations  among   theorems. 

Loci. 

Katio  and    proportion. 
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Areas. 

Similar  figures. 
Fifth   Year 2  hours  a  week. 

Similar  figm-es  (con tinned). 

Parallel  x>lanes  and  straight  lines. 

Normals. 

Dihedral   angles. 

Polyhedral  angles. 

Polyhedrons. 

Right  circular  cylinder,  right  circular  cone. 

Sphere. 
(2)     Arrangement  of  main  tojoics   of  trigonometry. 
Fifth   Year 2  hours  a  week. 

Circular  functions  of  an  acute  angle. 

Solution  of  a  right-angled  triangles. 

Circular  functions  of  any  angle. 

Circular  functions    of    the    sum    and  the  dift'erence  of 
two  angles. 

Circular  functions  of  the  multiple  and  division    of  an 
angle. 

Relations    between    the    sides   and    the   angles    of    a 
triangle. 

Area,  circumscribed    circle    and    inscribed    circle   of  a 
triangle. 

Solution  of  a  triangle. 

Surveying  of  distance  and  height. 

Outline  of  surveying. 
Triangles    are    given    previous    to  parallel  straight  lines. 
For,  closed  figures  such  as  triangles  are  for  beginners  much 
easier  to  understand  than  the  others. 

The  relations  among  theorems  are  given  sejmrately  when 
occasion  offers  for  their  explanation.  And  for  the  x^i'oofi^ 
relating  to  loci,  accurate  knowledge  concerning  the  relations 
among  theorems  is  indispensable.  Therefoi'e  they  are  to  be 
given  once  more  before    the    general   definition    of  locus  and 
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the  method  of  its  proof  are  given. 

In  regard  to  locus,  the  general  difinition  is  avoided  at  first, 
and  its  definition  is  given  in  particular  cases.  In  time 
■v^■llen  ])upils  have  nearl}'  completed  the  circle,  they  come  to 
gi'asp,  Ij}'  -way  of  induction,  Avhat  locus  means.  Taking  this 
oj)ix)rtunity,  therefore,  the  general  definition  is  derived  and 
the  method  of  its  x>i"oof  is  given. 

Theorems  relating  to  the  ratio  and  proportion  of 
quantities  are  discussed  with  their  numerical  values,  and 
are  explained  hj  ^yilJ  of  reducing  them  to  the  corresponding 
items  given  in  algebra.  And  the  case  of  ratios  having 
iiTational  values  is  not  much  touched  upon.  Also,  if  the 
items  relating  to  areas  were  given  prior  to  ratios,  as  is 
prescribed  in  the  syllabus  actually  in  force,  it  would  be 
inconvenient  to  make  clear  their  application  by  way  of 
assigning  computation  problems.  So  the  syllabus  in  hand 
lias  put  all  the  items  relating  to  areas  under  proportion. 

Constructions  and  computations  of  areas  and  volumes  are 
made,  not  to  be  given  all  at  once,  but  to  be  distributed  in 
various  places  so  that  they  may  conveniently  be  taught  in 
connection  with  different  theorems.  Also,  in  constructions, 
connections  are  contrived  to  be  made  with  drawing  by  way 
of  giving  simpler  methods  by  means  of  rales,  compasses 
and  measm'es  in   addition  to  the  geometrical  method. 

In  the  measurement  of  angles,  the  right  angle  is  too  big 
as  the  unit  and  is  inconvenient  to  give  accurate  conception 
concerning  them.  So,  even  in  geometry,  the  sexagesimal 
method  is  given.  As  the  method  of  circular  measm'e  is  to 
be  ax^propriately  explained  in  connection  with  the  number 
TT  of  the  circle,  it  is  also  to  be  taught  in  geometry. 

In  trigonometi-y,  the  solution  of  triangles  and  its  applica- 
tion have  been  made  the  chief  aim.  Accordingly,  no  great 
importance  has  been  attached  to  general  angles,  &c.  And 
the  items  relating  to  simpler  trigonometrical  equations  ai'e 
given,  inserted  in  problems. 
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The  syllabus  of  teaeliiug  for  middle  schools,  wliich  was 
revised  tliis  year  and  wliich  is  going  to  be  put  into  efiect, 
is  given  below. 

Revised  syllabus  of  teaching  for  siiddle  schools. 
Mathematics. 

In  mathematics,  though  the  items  to  l)e  taught  are  divided 
into  arithmetic,  algebra,  geometry  and  trigonometry,  and  are 
thus  apportioned  to  each  year,  the  mutual  relations  among 
various  bmnches  must  be  considered,  and  especially  complex 
items  relating  to  arithmetic  must  Ije  taught  in  connection 
with  algebra  and  geometry. 

First    Year 4  hours  a  week. 

Arithmetic. 
Try  to  keep  the  connection  with  the  same  in  tlie  elemen- 
tary   school    and    assign    supplementary     exercises    and    re- 
views   in    integers,    decimals,  compound  numbers,  fractions, 
and   percentage.     Also  teach  proportion. 

Second  Year 4  hom's  a  week. 

Algebra. 

Negative  numbers. 

Litegral  expressions. 

Addition,  subtraction,  multiplication  and  division ; 
linear  equations ;  factors  and  multiples. 

Fractional   expressions. 

Reduction  to  the  lowest  terms ;  reduction  to  the  com- 
mon denominator  ;  fidditioa,  subtraction,  multiplication, 
and  division ;  fnictional  equations. 

Third  Year 5  hours  a  week. 

Algebra. 
Evolution. 

Square  root ;  cube  root ;  quadratic  equations  ;  in'ational 
expressions. 
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GEOMT/niY. 

Strniglit  lines. 

Anoles ;    parallel  lines. 
Lineju"   figures. 

Ti-iangles ;  parallelograms. 
Circles. 

Fourtli  Yeai' 4  hours  a  week. 

Algebra. 
Prcjportion. 

Katio  ;  proportion ;  compound  proportion ;  X3roportional 
parts  ;  alligation. 
Progi'ession. 

Arithmetical  progression  ;  geometrical   progession. 
Geometry. 
Pi-oportion. 

Proportional  lines  ;  similar   figures. 

Fifth  Year      4  hours  a  week. 

Alge]^,ra. 
Logarithms. 
Percentage. 

Percent ;  interest. 

Geometry. 
Planes. 

Planes  and  straight  lines  ;  dihedral  angle  ;  solid  angle. 
Polyhedron. 

Prism ;    pyramid. 
Curved  solids. 

Circular  cylinder ;  circular  cone ;  sphere. 

Trigonometry. 

Trigonometrical  functions. 

Trigonometrical  functions  of  an  acute  angle ;  trigono- 
meti-ical  functions  of  any  angle ;  trigonometrical  func- 
tions of  the  sum  and  the  difference  of  two  angles. 
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Solution  of  triangles. 
Simi)le   surveying. 
liemarks. 

1.  In  mathematics,  it  is  necessary  not  only  to  make 
pupils  unclei'stand  accurately,  but  also  to  make  them  pro- 
ficient in  computation  and  familiar  with  its  application. 

2.  In  arithmetic,  it  is  not  objectionable  to  assign  sorohan- 
calculation  in  addition  to  mental  and  written  arithmetic. 

3.  In  geometry,  give  the  locus,  geomerical  constraction, 
area  and  volume  in  their  proper  places  according  to  op- 
Xxjiiunitj'. 

SECTION  3.     Modification  of  the   Subject-Matter    in    the    Course 
of  Mathematics. 

If  in  the  middle  school,  the  elements  of  differential  and 
integral  calculus,  and  analytical  geometry,  could  be  taught 
in  addition  to  arithmetic,  algebra,  geometry,  and  trigonome- 
try, the  aim  of  teaching  these  latter  courses  might  be  at- 
tained more  thoroughly,  as  is  very  desirable.  But  for  this 
purpose  the  number  of  recitation  hoiu-s  would  have  to  be 
increased,  and  moreover  similar  tlesires  exist  not  only  in  the 
mathematical  course,  but  also  in  almost  all  the  others ;  so, 
this  hope  can  not  easily  be  realized,  when  the  matter  is 
considered  from  the  general  ]X)iiit  of  view  of  middle  school 
education. 

In  the  actual  practice  the  hours  of  teaching  are  in- 
sufficient even  for  the  matter  indicated  in  the  existing  syl- 
labus and  every  school  has  increased  its  recitation  hours  to 
meet  the  necessity.  But,  as  was  mentioned  above,  in  the 
remodeled  regulation  one  hour  is  added,  but  in  the  tln'rd 
year  only,  and  the  total  numljer  of  recitation  hours  is  less 
than  what  most  schools  apportioned  to  this  coui-se  hereto- 
fore. 

This  being  the  present  condition,  it  is  almost  hopeless  to 
increase  in  the  near  future  the    number    of    recitation    hours 
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for  the  course  in  inatliematics.  Accordingly,  tliere  is  no 
(jtlier  May  to  meet  the  demand  than  to  att^^mpt  to  make  tlie 
most  of  the  number  of  recitation  liours  by  omitting  com- 
])arati^elA'  unnecessary  matter  and  improving  tJie  metliod  of 
t<3aching. 

In  the  remodeled  syllabus,  it  is  noticeable  that  every 
effort  Avas  used  to  economize  in  tlie  numlior  of  recitation 
hours,  ])y  maintaining  a  close  connection  between  the  coiu'se 
in  arithmetic  of  the  middle  school  with  that  of  the  elementary 
school,  by  teaching  the  more  complicated  matter  in  mithmetic 
t<5gether  with  algebra  and  geometry,  by  omitting  the  chain 
method  in  arithmetic,  and  permutation,  combination  and 
the  binomial  theorem  in  algebra.  It  prescribes  also  to  teach 
locus,  geometrical  construction,  area,  and  volume  in  geometry 
in  their  appropriate  place,  not  simultaneously,  and  to  con- 
nect the  application  of  the  logarithmic  tables  in  trigonometry 
"with  the  calculation  of  logarithms  in  algebra,  etc.  Hence, 
if  the  proper  method  of  teaching  is  pursued,  the  recitation 
hours  will  not  be  as  insufficient  as  they  were  before,  and 
possibly  there  many  even  1x3  sc^me  surplus. 

But  this  sm-plus  of  hours  produced  as  a  result  of  these 
efforts,  is  still  inadecjuate  to  introduce  iiew  matter.  The 
only  tlung  that  we  can  do  is  to  raise  the  standard  in  the 
most  necessary  sul)jects. 

Even  within  these  limits  it  is  desirable  to  give  the 
gi-aphical  representation  of  functions.  In  the  soliTtion  of 
equations,  it  will  arouse  great  interest  in  the  pupils,  if  besides 
algebraical  calculation,  a  similar  solution  of  problems  by 
means  of  the  gi'aphical  representation  of  equations  is  taught. 
To  go  further  and  teach  liow  to  represent  algebraical  func- 
tions, trigtniometi'ical  functions,  etc.,  by  means  (jf  graphs  is 
very  necessary  not  only  because  it  enables  students  to  re- 
cognize the  notion  of  function  clearl}',  but  because  it  is  very 
<)ften  applicable  in  physics,  chemistry,  and  other  sciences,  as 
well  as  in  practical  life. 
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The  matter  indicated  in  the  remodeled  syllabus  is  the 
minimum  to  be  taught  in  the  middle  school,  and  nothing  of 
it  ought  to  be  omitted. 

SECTION  4.     Connection  between   branches. 

In  the  course  in  mathematics,  every  body  recognizes  the 
necessity  of  keeping  up  the  connection  between  the  several 
branches.  But  in  the  actual  teaching  of  mathematics  in  the 
middle  school,  we  must  confess  with  regret,  this  was  not 
satisfactorily  ]3racticed  heretofore. 

Teachers  simx^ly  give  the  less(^n  from  the  text-lwoks  they 
use,  and  they  have  no  op^xirtunity  to  consider  the  relations 
between  the  several  branches  and  to  liarmonize  them;  foi', 
in  our  country,  the  distribution  of  subjects  together  with  the 
selection  and  arrangement  of  materials,  is  fixed  by  i-egulations, 
and  the  text-books  compiled  in  accordance  with  them  must  be 
used.  Moreover,  since  very  few  text-books  for  all  branches 
are  compiled  systematically  by  the  same  author,  there  is  no 
wonder  if  no  relation  between  branches  is  found. 

These  conditions  entail  inconveniences  for  both  teachers 
and  pupils  and  the  educational  authorities  have  long  since 
endeavoured  to  remove  these  disadvantages.  By  the  recent 
remodeling  of  the  syllabus  embcxlying  the  results  of  the 
investigation  carried  on  in  the  Middle  School  attached  to  the 
Tok,yo  Higher  Normal  School,  arithmetic  and  algebra  are 
united  and  the  distribution  t)f  subject  matter  is  made 
in  accordance  with  their  intimate  relation  to  each  other.  In 
geometry  and  trigonometry,  it  is  not  shown  clearly  how  to 
connect  them,  but  the  syllabus  indicates  merely  the  main 
points,  and  the  whole  matter  is  left  to  the  teachers  without 
laying  down  any  regulation  about  tlu^  aiTangement  and 
ti-eatment  of  minor  points.  This  procedure  will  gradually' 
solve  the  i^-oblem  mentioned  above,  and  ^^llen  the  remodeled 
sj'llabus  is  carried  into  effect  the  former  defects  can  be 
amended. 
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Next  we  shall  discuss  the  proljlem  hcAv  to  connect  eacli 
branch  in  the  course  of   mathematics. 

With  regard  to  arithmetic  and  algebra  the  syllabus 
adopted  in  the  Middle  School  attached  to  the  Tokyo  Higher 
Normal  School,  is  most  suitable.  In  algebra  and  geometry 
it  tends  to  apply  the  knowledge  of  arithmetic  and  algebra 
in  teaching  geometry,  and  to  utlize  in  teaching  algebra  the 
matters  taught  in  geometry,  and  thus  to  establish  a  close 
connection  between  them.  As  to  the  teaching  of  proportion 
after  the  Euclidian  method,  it  is  not  only  not  suited  to  the 
undei-standing  of  students,  but  it  cannot  give  the  relation  of 
geometi'ical  and  algebraical  proportions.  There  should  also 
be  a  connection  between  algebra  and  geometry,  by  applying 
the  method  of  algebraical  solution  to  problems  of  geometiy, 
giving  problems  of  calculation  related  to  theorems  about 
area  and  volume  in  teaching  geometry  and  explaining 
ratio  and  proportion  of  quantities  by  numerical  examples, 
etc. 

As  to  the  connection  between  algelira,  geometry  and 
ti'igonometry,  it  will  suffice  to  pay  special  attention  to  it 
whilst  teaching,  for  by  their  very  nature  they  are  closely 
related.  It  is  desirable  to  I^egin  trigonometry  in  the 
latter  part  of  the  fourth  year,  although  in  the  remodeled 
syllabus,  it  is  prescribed  in  the  fifth  year*  only.  To 
lengthen  the  term  of  teacliing  by  beginning  as  soon  as 
possible,  is  to  improve  the  understanding,  to  deepen  the  im- 
pression and  to  make  the  teacliing  more  effective.  And  this  can 
be  done  without  increasing  the  ttital  numbers  of  recitation 
hours.  However,  as  trigonometry  requires  knowledge  of 
geometry,  we  cannot  begin  with  it  arbitrarily  at  any  time. 
But  in  the  latter  part  of  the  fourth  year,  the  theory  of 
similar  figures  is  taught  in  geometry,  so  we  ought  to  begin 
to  teach  trigonometry  at  the  same  time,  and  try  to  keep 
a  close  relation  between  them,  and  to  attain  the  good 
results  mentioned  above. 
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CHAPTER.   VI.     Ex,\MiN ATioNS. 

SECTION  1.     Aim  of  Examinations. 

Tlie  x^i'imai'y  purposes  of  examinations  are  as  follows : 

1.  To  investigate  how  the  matter  taught  has  been 
understood  by  the  pupils,  and  to  use  the  results  as 
references  in   teaching. 

2.  To  judge  whether  pupils  have  leai'iied  their  lessons 
well  or  not. 

Although  the  foUowings  are  but  concomitants  of  examina- 
tions, they  are  very  often  considered  as  of  much  more 
irapoi-tance,  and  are  added  to  the  aims  of  examinations. 

3.  To  encourage  students  to    study. 

4.  To  systematize  and  regiilate  their  acquirements. 

5.  To  accustom  students  to  write  answers  Avithin  a 
limited  time. 

G.     To  make  them  familiar  Avitli  examinations. 

SECTION  2.     Kinds  of  Examinations. 

There  are  three  kinds  of  examinations  in  the  middle 
school :  occasional  examinations,  term  examinations  and 
yearly  examinations.  They  are  held  to  afford  data  for 
estimating  the  attainments  of  students.  There  is  no  special 
(examination  at  the  completion  of  the  whole  course  of  the 
middle  school. 

The  occasional  examinations  are  to  tjike  place  once, 
twice  or  thrice  in  each  term.  Usually  less  than  one  hour 
is  assigned  for  each  examination,  the  time  being  taken  irom. 
the  recitation  hours.  Sometimes  notit?e  is  given  several  days 
beforehand,   but  not  always. 

The  term  examination  is  held,  according  to  a  previously 
jiiTanged  schedule  at  the  end  of  l)oth  the  first  aJid  the 
second  term  to  test  the  attainments  in  the  matter  of  the 
respective  term.  The  time  needed  for  each  examination  is 
one  or  two  hours. 
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Tlie  yearly  examination  is  lield  at  the  end  of  tlie  scliool 
year  in  order  to  test  the  attainments  in  the  matter  of  that 
3'eai\  The  time  needed  for  each  examination  is  one  oi*  two 
Iionrs. 

SECTION  3.     Methods  of  Examination. 

Examinations  in  tlie  middle  schools  are  usually  held 
for  all  the  students  of  the  same  class  or  the  same  year  at 
the  same  time,  giving  the  same  questions  to  them  all. 
Written  answers  are  required,  and  no  oral  examination  has 
l)een  applied  to  the  course  in  mathematics. 

SECTION  4.     Desirability  of  Examinations. 

There  are  diverse  opinions  among  educators  concerning 
the  value  and  desirability  of  examinations.  But  in  reality 
there  is  no  school  where  examinations  are  not  held,  even  if 
now  and  then  there  are  some  middle  schools  without 
periodical  examinations.  The  main  reason  for  examinations 
is  the  fact  that  the  I'egulations  for  the  enforcement  of  the 
Ordinance  relating  to  middle  schools  prescribe  that  the 
promotion  or  graduation  of  pupils  is  to  be  in  accordance 
with  the  merits  of  daily  achievements  and  the  results  of 
examinations.  It  is  also  due  to  the  fact  stated  in  the 
previous  chapter,  that  graduates  of  middle  schools  mostly 
wish  to  enter  higher  schools,  and  these  schools  select  their 
matriculates  by  examination,  that  there  is  no  school  higher 
than  the  middle  school  grade  where  no  examination  takes 
place,  tliat  the  qualification  as  teachers,  judges,  procurators, 
lawyers,  ordinary  and  higher  civil  officers,  etc.  is  attained 
by  examination,  and  tliat  when  private  companies  engage 
employes  the  decision  mostly  depends  upon  an  examination 
testing  their  abilities,  or  upon  the  result  of  their  graduation 
examination  at  school.  All  these  facts  indicate  the  impoi-t- 
ance  generally  attributed  to  examinations  in  our  country. 
And  thus  gi-eat  importance  has  come  to  be  attached  to  tliem 
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in  the  middle  schools  also.  But  recently  in  every  liigli 
school,  higher  commercial  school,  higher  technical  school 
some  of  the  matriculates  are  selected  without  examination, 
j)royided  the  principals  of  the  middle  schools  recommend 
their  conduct  and  superior  scholarship.  This  method  is  most 
adapted  to  select  fii*st-class  students,  for  the  decision  as  to 
their  scholai'ship  is  given  not  simply  according  to  one  ex- 
amination, but  by  the  judgement  of  middle  school  principals 
who  have  been  well  acquainted  with  them  for  several  years. 
And  it  seems  as  if  the  tendency  to  put  too  much  stress 
upon  examination  is  moderated  in  this  way.  And  yet,  as 
there  is  a  limit  to  the  number  of  matriculates  and  not  all 
pupils  who  have  been  recommended  by  each  school  can  be 
accepted,  it  becomes  necessary  to  select  the  best  ones.  Con- 
sequently, each  principal  finds  it  necessary  to  indicate  the 
order  of  merit  in  scholarship  and  conduct  of  graduates  to  be 
recommended,  and  thus  sxgain  the  attainments  of  all  the 
graduates  must  be  ascertained  in  order  to  select  the  most 
proficient. 

But  it  is  not  by  any  means  as  easy  to  ascertain  the 
exact  attainments  of  so  many  students  as  it  would  be  to 
measm-e  their  statm-e.  Although  from  the  educational  point 
of  view,  it  is  necessary  to  givade  the  students'  abilit}-,  yet  it 
is  not  required  to  determine  tlie  order  of  their  attainments 
l>y  the  percentage  method.  And,  even  if  there  be  some 
necessity  to  do  so,  and  the  indication  of  proficiency  in  each 
branch  by  percentage  be  possible,  these  very  percentjiges  are 
to  be  regarded  not  as  indicating  the  order  of  real  attain- 
ments but  only  as  a  formal  approximation.  The  only  correct 
way  of  indicating  the  degree  of  proficiency'  is  to  go  Ijy 
some  scale,  e.g.  of  five,  and  to  find  to  which  category  in  the 
scale  a  certain  student  belongs.  If  this  method  be  adopted, 
special  examinations  can  be  omitted  in  mathematics,  for  the 
attainments  of  students  can  be  ascertained  during  recitation 
hours.     But    if    the    i^rcentage    method    l)e    adopted,    some 
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meclijinical  system  must  iiiiturul],>'  1)(»  jipplied,  in  order  to 
give  |)ercentMges  in  the  examiuiition  papers  by  judging); 
tliem  accoi'ding  to  a  certain  standard. 

Though  up  t(^  tlxe  present  there  is  no  school  without 
examinations,  yet  it  has  generally  come  to  be  admitted  that 
various  evils  accompany  the  method  of  weighing  proficiency 
exclusively  by  the  result  of  a  few  examinations ;  and  con- 
sequentl}^  there  has  been  an  endeavour  more  and  more  to 
take  into  consideration  the  daily  standing  of  pupils, — attach- 
ing much  importance  to  it, — in  addition  to  the  result  of 
examinations,  most  frequently  graded  by  a  scale  of  fi^e 
degrees.  The  enforcement  of  the  new  regulations,  in  accord- 
ance with  which  various  higher  schools  take  some  matriculates 
without  examination,  has  put  an  end  to  the  tendency'  just 
mentioned, — a  result  presumably  not  anticipated  by  the 
authorities  and  yet  proving  injurious  to  middle  school 
education. 

Athough  there  are  various  opinions  concerning  the  value 
of  examinations,  no  one  would  oppose  them,  if  their  evils 
were  removed  and  their  advantages  realized.  And  the  con- 
dition of  our  country  being  at  present  as  mentioned  above, 
examinations  can  not  practically  be  dispensed  with.  Thus 
it  is  not  the  time  to  discuss  the  desirabilitj'  of  examinations, 
but  we  must  investigate  how  to  remove  the  evils  and  realize 
the  advantages. 

SECTION    5.      Propcsal    for    the    Improvement    of    Examination 
Methods . 

The  following  evils  accompany  examinations  : 

1.  Pupils  tend  to  neglect  their  dail^y  lessons,  and  to 
cram  for  examinations.  This  is  injurious,  especially,  in  a 
systematic  subject  such  as  mathematics. 

2.  The  result  of  the  examinations  does  not  necessarily 
indicate  the  scholai-ship  of  pupils.  They  come  to  look  for 
success  by  chance. 
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3.  Tliey  ;ii'ouse  fear,  or  help  to  create  ignoble  aspira- 
tions and  low  cunning. 

4.  The3'  do  not  arouse  genuine  interest  in  the  subject. 

5.  They  produce  a  spirit  of  mean   rivalry. 

These  are  the  evils  very  likely  to  accompany  examina- 
tions, yet  t]ie,y  are  not  essential  to  examinations,  but  rather 
consequences  arising  from  mismanagement.  In  other  words, 
they  are  apparently  but  the  result  of  the  method  aiming  at 
establishing  the  relative  order  of  the  pupils'  proficiency 
exclusively  in  accordance  with  the  result  of  examinations  held 
infrequently.  Consequently  they  may  be  removed,  if  the 
following  improvements  be  introduced  : — 

1.  Disijense  with  fixing  the  order  of  the  pupils'  pro- 
ficiency. 

2.  Weigh  the  merit  of  attainments  both  by  the  daily 
standing  and  by  the  result  of   examinations. 

3.  Increase  the  number  of  examinations. 

To  put  it  more  minutely,  the  judgment  as  to  the  merit 
of  attainment  should  aim  not  at  comparing  the  relative 
sujjeriority  of  pupils,  but  at  deciding  the  pupils'  attainments 
in  reference  to  a  fixed  standard,  and  consequently  the  deter- 
mination of  the  relative  order  of  attainments  must  be  rej^laced 
1)3^  expressing  the  grade  of  proficiency.  There  need  not  be 
many  grades ;  five  will  suffice  :  A  indicating  the  highest 
grade,  B  the  next,  C  the  grade  absolutely  required  in  the 
class  in  question,  D  somewlitit  defective,  and  E  unsatis- 
factory. This  may  put  an  end  to  mean  rivalry,  and  may 
sufficiently  incorporate  the  daily  standing  in  its  results. 
^Moreover,  if  impoiiance  be  attached  to  the  daily  standing 
;uid  if  at  the  same  time  the  frequency  of  examinations  l3e 
increased,  holding  exmination  whenever  a  topic  is  completed 
and  another  is  to  be  introduced,  so  that  they  may  occur  at 
least  once  or  twice  a  month,  or  four  or  five  times  a  term, 
then  daily  negligence,  fear,  etc.,  may  he  repressed. 

Examination  answere  must  l)e  used  not  only  as  material 
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for  judging  .ittjiinments,  but  also  as  references  for  iuvestiga- 
tiug  tlie  effectiveness  of  teaching.  If  tlie  defects  and  mis- 
takes are  marked  for  reconsideration,  if  defects  and  mistakes 
common  to  many  students  are  referred  to  in  the  next  lesson, 
and  if  the  pupils  are  thus  acquainted  with  the  results  of 
the  examination,  the  following  benefits  may  be  attainable : — 

1.  To  encourage  daily  study, 

2.  To  give  exact  and  systematic  knowledge, 
B.     To  promote  accuracy  of  expression, 

4.     To  give  famiUarity  with  examinations. 

CHAPTER.  Vn.    Method  of  Teaching. 

SECTION  1.     Method  of  Teaching  in  General. 

1.    Form  of  tk\.ching. 

In  regard  to  the  form  of  teaching,  the  Herbartian  theory 
liad  for  a  time  been  actively  advocated  in  Japan,  and  its 
formal  steps  in  teaching  had  been  extensively  adopted  in 
elementary  and  middle  schools.  Li  case,  however,  these 
steps  are  adhered  to,  there  results  the  need  of  spending 
much  time  in  teaching,  and  great  difficulty  in  covering  the 
matter  assigned.  On  account  of  these  defects  they  have  not 
become  extensively  prevailing.  Moreover  the  result  of  recent 
research  into  pedagogical  metliods  has  made  clear  that  the 
Herbartian  formal  steps  can  not  be  taken  as  the  standard 
form  for  teaching,  and  they  have  uoav  become  almost 
obsolete. 

The  real  aim  of  teaching  is  the  systematic  and  exfict 
acquirement  of  arts  and  sciences.  Especially  in  the  teaching 
of  such  sciences  as  mathematics,  the  method  attaching  much 
impoi-tance  to  the  psychological  basis  or  depending  exclusively 
on  formal  logic,  is  not  effective  in  attaining  the  real  aim  of 
teaching.  Taking  into  consideration  the  nature  of  science 
and  the  principles  of  cognition,  improvements  must  be  made 
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in  the  metliod  of  teacliiug.  In  this  sense,  the  tlnee  ste]3s 
of  the  so-called  standard  form  of  ftallwiirk  are  most  adequa- 
tely ai^plicable  to  the  teacliing  of  mathematics. 

2.    Mode  op  teaching. 

In  regard  to  the  mode  of  teaching  of  mathematics  in 
the  middle  school  the  developmental  and  the  training 
teachings  are  combined,  and  the  teaching  of  new  subjects 
is  effected  for  the  most  part,  by  questicjns  and  answers 
tlms  encouraging  j)reparation  and  review.  But,  the  dialogue 
method  is  based  mostly  on  the  result  of  psychological 
investigation  and  can  not  transcend  the  current  metliod 
neglecting  the  result  of  logical  investigation.  It  either  leaves 
too  much  to  the  mental  activity  of  the  students  or  falls  into 
mere  formalism  and  regi'ettably  lacks  much  in  developing 
mental  activity,  and  in  cultivating  the  critical  and  construc- 
tive faculties. 

In  order  to  make  students  acquire  accurate  ideas,  clear 
conceptions  and  definite  rules,  it  is  very  necessary  to  im- 
prove the  dialogue  metliod,  and  thereby  to  reveal  its  true 
value  in  accordance  with  logical  principles. 

In  the  lessons  in  which  conversation  and  dialogue  are 
mainly  used  the  pupils'  eyes,  ears  and  mouths  ai-e  much  in 
requisition,  but  not  their  hands.  For  instance,  in  case  a 
certain  formula  is  derived  by  way  of  algebraic  transforma- 
tion, the  teacher  usually  asks  a  pupil  to  mention  the  out- 
lines of  the  x)rocess  whilst  he  hiinself  writes  it  on  the  black- 
Ijoard.  In  this  case,  however,  it  would  be  better  to  make 
all  the  pupils  s^^eak  in  response  to  his  questions  rather  than 
to  point  out  a  pupil  or  two  to  recite.  Or  again  in  case  a 
geometrical  theorem  is  taught,  the  teacher  usually  draws 
the  figure  and  outlines  the  proof  on  the  black-board,  and 
show  them  to  the  pupils.  But,  in  this  case  also,  it  would 
be  better  to  begin  by  making  the  pupils  draw  the  figure  or 
part  of  the  figure  from  liis  dictation.     As   for  tlie  additional 
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figui-es  needed  in  tlie  demonstration,  it  is  preferal)le  that 
not  only  tlie  teacher  at  the  ])laok-l)oard,  but  also  the  pupils 
should  di'aw  them  and  write  out  the  demonstration  each  one 
for  himself  so  that  no  pupils  are  left  unengaged.  Looking  at 
it  either  as  Jiifording  diverse  corresponding  forms  of  mentsxl 
activity  or  as  giving  accurate  impressions,  it  would  prove 
not  a  little  beneficial  to  the  teaching  to  make  use  of  every 
appropriate  occasion  to  call  into  activity  not  only  the  pupils' 
eyes,  e.ars  jind  mouths  but  their  liands  also. 

3.     Preparation  and  revii<:w. 

In  order  to  attain  the  full  effect  of  examinations  efforts 
should  be  made  to  use  the  method  not  only  of  direct  in- 
struction but  also  of  indirect  guidance  by  way  of  supple- 
mentary study.  It  is  certainly  most  advantageous  to  put 
stress  on  preparation  and  repetition  as  practical  applications 
of  the  latter  method.  Concerning  the  usual  method  of 
prepraration,  however,  there  are  many  points  to  be  considered, 
especially  in  reference  to  mathematics.  Wlien  problems  for 
exercise  and  application  are  assigned  in  mathematics,  it 
is  certainly  very  important  to  afford  the  j)^'^pils  ^^ 
apportunity  to  prepare  and  solve  tliese  x^i'^^l^ms  by 
themselves.  However,  whenever  a  new  rule  or  theorem 
is  given,  it  is  not  only  unnecessary  but  even  hurtful  to 
make  pupils  prepare  it  from  the  text  book,  because  there- 
by the  effect  of  teaching  is  diminished,  nay  the  very  aim 
of  teaching  is  frustrated.  The  teacher  of  mathematics 
ought  not  to  be  satisfied  Avitli  mere  instruction  on  the  subject 
in  liaud  or  explanation  of  the  text  books ;  he  ought  at  the 
same  time  to  insist  on  th(;  proofs,  on  the  rules  to  Ije  derived 
from  them  and  on  their  correct  formulation,  that  is,  he 
should  aim  at  training  the  reflective  faculty,  cultivating  the 
constructive  faculty  and  developing  the  power  of  expression. 
But,  as  text  books  may  be  looked  upon  as  being  of  the 
nature  of  explanatory  notes  or  manuscripts  of  lectures  having 
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been  carefully  ■WTitten,  ordinaiy  pupils  can  easily  understand 
the  proofs  for  the  theorems,  the  rules  given,  the  reasons 
explained,  etc.,  all  at  first  reading.  If  text  books  be  assigned 
for  preparation,  pupils  may  witliout  effort  understand  the 
proofs  and  memorize  the  rules,  and  no  room  is  left  for  the 
teacher  for  an  adequate  scheme  to  train  the  X3upils  in 
reflection,  construction  and  expression  and  there  may  Ije  no 
other  result  of  his  teaching  except  to  examine  the  prepara- 
tion gone  tlu:ough,  to  guard  against  carelessness  in  making 
it,  and  to  aid  the  understanding  of  a  few  backward  pupils. 
It  is  regi'ettable  that  almost  all  schools  encom*age  text  book 
prei)ai'ation,  and  forget  the  loss  thereby  entailed  in  true 
teaching  as  well  as  the  great  hindrance  xxit  in  the  way  of 
cultivating  the  pupils'  real  ability. 

On  the  other  liand,  matters  not  explained  in  tlie  text 
book,  especially  problems  for  exercise  and  application,  are 
exceedingly  effective  for  instruction  as  they  afford  the  pupils 
occasion  for  indepedent  thouglit  and  are  accordingly  very 
aj)pro]3riate  for  home-tasks. 

Li  any  case  repetition  is  indispensable,  and  in  all  middle 
school  it  is  generally  assigned.  In  most  cases  it  is  left 
entirely  to  pupils  to  work  at  it  independently  out  of  recita- 
tion hours,  and  only  now  and  then  there  is  an  investigation 
as  to  its  actual  performance.  It  is  seldom  assigned  for 
recitation  hours  under  the  teachers'  guidance..  However,  as 
pupils  in  middle  schools  ai'e  young  and  lack  self-control, 
especially  those  in  the  lower  classes  simply  repeat  the 
matter  as  it  was  given  and  lack  ability  to  regulate  and 
systematize  the  knowledge  already  acquired;  therefore  it 
seems  indisj)ensable  to  spend  a  part  of  the  recitation 
hours  for  a  review  to  be  i)erformed  under  the  teacher's 
guidance. 

4.    Method  of  problem  exercises. 
Exercise  in  problems  occupies  a  gi'eat  i)iivi  of  mathematical 
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toacliiiig  Mud  the  effect  of  the  teacliiiig  depends  much  on  tlie 
method  of  assigning  exercises. 

The  exercises  in  problems  consist  of  two  kinds,  one  to 
l)e  assigned  in  the  cLiss  room  and  tlie  other  for  home  woi-k. 
The  former  aims  at  cultivating  the  pupils'  abilit}^  to  solve 
problems  under  the  teachers'  guidance,  the  latter  at  making 
them  proficient  in  the  solution  of  problems  as  well  as  at 
enabling  them  to  write  out  the  solution  con-ectly.  Simple 
problems  are  actually  assigned  for  class  room  exercise,  and 
difficult  ones  for  home-tasks.  Sometimes  difficult  ones  ai"e 
assigned  for  class  room  exercise,  but  only  when  they  liave 
been  well  prepared  at  home.  This  method  is  apparently 
effective  in  affording  pupils  an  opportunity  to  reflect  fully 
and  to  be  drilled  in  many  problems.  But  if  this  method  is 
generally  adopted,  there  is  no  opportunity  for  the  pupils,  on 
the  one  hand,  to  receive  the  teacher's  direction  as  to  what 
points  ought  to  be  noticed  or  how  to  find  the  solution,  and 
for  the  teacher,  on  the  other  hand,  to  find  what  points  are 
difficult  for  the  pupils  or  what  defect  there  is  in  their 
reasoning,  etc. '  In  short,  it  impedes  the  teacher  in  giving 
adequate  guidance,  and  so  to  speak,  leaves  the  pupils  in 
the  situation  of  the   self-taught. 

Thus  after  all  this  way  cannot  cultivate  the  ability  to 
solve  problems  and  consequently  cannot  attain  the  true  aim 
of  j)roblem  exercises. 

Teachers  ought  to  x^ropose  new  problems  of  different 
kinds  for  class  room  exercise  and  try  to  afford  the  xrapils 
adequate  guidance  by  way  of  suggestions.  They  ought  also 
to  i^-esent  at  times  many  j^roblems  for  all  the  pupils  and 
go  about  inspecting  the  work  here  and  there, — paying  special 
attention  to  weaker  jjupils,  and  giving  them  the  necessarj^ 
liints.  After  all,  problem  exercises  in  teaching  mathematics 
require  much  of  the  teacher's  ingenuity.  Much  depends 
on  the  teachers  tact,  and  on  liis  i^ainstaking  preparation. 
As  for    those    teachers    who    leave  the    work  entirely  to  the 
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pupils  and  idly  go  alxjut  the  cLiss  room  as  if  they  were 
inspectors,  thus  wasting  the  whole  hour,  they  may  well  be 
said  to  understand  nothing  of  the  real  meaning  of  problem 
exercises. 

For  the  home-task  problems  similar  to  those  assigned 
in  the  class  room  are  mainly  to  be  selected  ;  also  problems 
are  to  be  added,  of  which  the  solution  may  easily  be  "WTitten, 
for  they  are  to  be  worked  out  hj  the  pupils'  own  ability. 
The  Litter  are  to  be  wi'itten  in  the  home-task  copy  book 
and  are  to  be  inspected.  The  former  are  to  be  matter  for 
examination  during  the  following  lesson.  According  to  the 
nature  of  the  problems,  some  of  them  should  be  written  on  the 
black-board  for  the  critical  and  constructive  investigation  of 
the  whole  class.  But  the  uniform  adoption  of  this  method 
frequent  in  middle  schools,  is  due  to  the  ignorance  of  time- 
economy.  There  are  not  a  few  cases  where  according  to  the 
nature  of  the  problem  it  is  enough  to  examine  the  coiTect- 
uess  of  the  answer,  or  to  ask  orally  or  in  writing  for  the 
outline  of  the  solution  to  be  followed.  Recitation  hours  ai'e 
precious  to  give  the  pupils  the  direct  guidance  of  their 
teacher.  80  care  should  be  taken  to  make  the  best  use  of 
these  hours,  to  afford  the  pupils  a  benefit  to  be  secured  in 
no  other  way,  and  to  make  them  appreciate  the  great  value 
of  the  teacher's  direct  guidance. 

SECTION     2.       Various    Problems    Concerinug    tlie     Teaching    of 
Mathematics. 

1.     Systematic  teaching  in  geometry. 

In  view  of  the  difficulty  of  giving  geometry  in  middle 
schools  systematically  and  according  to  rigorous  method  from 
the  very  beginning,  it  seems  prevalent  in  Europe  and  America 
to  begin  with  experimental  geometry  by  way  of  preparation ; 
but  in  our  own  country  this  need  is  rarely  felt.  Some  ten 
years  ago,  the  rudiments  of  geometry  were  given  as  pre- 
paratory instruction,   but  contrary  to  anticipation  it  was  found 
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that  not  only  tli(^  diflieulty  in  teacliing  goomctry  remained 
the  same,  l)ut  that  the  pnpils  were  deprived  of  the  demand 
for  rigorous  I'easoning  as  well  as  of  the  genuine  interest  in 
and  due  regm'd  for  scientific  metliods.  As  geometry  was 
fii*st  added  to  the  middle  school  curriculum  at  that  time, 
this  defect  was  perhaps  x^artly  due  to  the  lack  of  suitable 
text-books  and  adequate  metliods  of  teacliing.  But  the 
difficulty  in  teaching  geometry  does  not  really  aiise  from 
tlie  geometrical  theorems  themselves,  but  rather  from  the 
logical  method  of  proof.  And  to  begin  with  experimental 
geometry  by  way  of  preparation  cannot,  of  course,  deliver 
georaeti-y  from  the  difficulty  inherent  in  the  teacliing  of 
logical  reasoning.  It  must  rely  on  the  j)^^pils  being  more 
mature  in  years  and  attainments.  Accordingly,  in  our 
countiy,  geometiy  is  prescribed  from  the  second  t(j  the 
third  yeai', — the  pupils  by  that  time  averaging  above 
fourteen  years  of  age,  and  systematic  geometry  is  to  be 
taught  from  the  very  beginning.  The  result  of  experience 
up  to  date  goes  to  show,  that  by  an  efficient  teacher,  geome- 
try can  be  taught  l)y  rigorous  logical  method  from  the  very 
beginning  without  any  special  difficulty. 

Thus  no  need  is  recognized  of  giving  experimental  geo- 
metry in  order  to  get  rid  of  difficulties  connected  with 
systematic  geometry.  If,  however,  in  the  first  and  the 
second  year,  before  systematic  geometry  is  taught,  there  is 
an  appropriate  treatment  of  experimental  geometry,  it  may 
afford  the  pupils  some  necessary  preparatory  knowledge 
which  is  not  without  profit.  But  this  may  partly  be  done 
in  the  course  of  drawing,  and  there  is  no  need  of  giving  to 
this  preparatory  instruction  part  of  the  precious  liours 
assigned  for  teacliing  mathematics. 

2.    Order  in  teaching  algebra  and  geojietry. 

As  above  mentioned,  middle  scliool  algebra  should  Ije 
given    in    connection    with  arithmetic,    so  that  complicated 
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matters  in  arithmetic  are  tauglit  in  connection  with  the 
coiTesponding  matter  in  algebra.  And  if  in  teaching  geometry 
the  preparatory  instruction  in  experimental  geometry  is  dis- 
pensed witli,  and  systematic  geometry  begun  immediately,  it 
will  be  sufficient  to  stai-t  geometry  in  the  third  year. 
And  if  algebra  is  given  in  connection  with  arithmetic,  the 
problem  concerning  the  precedence  of  algebra  or  geometry 
in  the  middle  school  is  settled  without  further  discussion. 

3.      HiSTOlUCAL   TEACHING   IN    MATHEMATICS. 

The  liistorical  steps  in  the  development  of  mathematics 
cannot  be  adopted  as  steps  in  teaching.  Reference  to  the 
history  of  mathematics  will  be  found  useful  in  making  the 
X)ui)ils  acquainted  with  the  course  of  development  of  mathe- 
matical investigation  as  well  as  with  the  circumstances 
under  which  new  discoveries  were  made,  in  fostering  the 
spirit  of  investigation,  in  stimulating  interest,  etc.  But  we 
cannot  acknowledge  the  need  of  devoting  much  time  to 
tliis.  It  will  suffice  to  indicate  the  circumstances  relating 
to  the  discovery  of  important  points  occurring  in  the  subject 
matter  or  to  mention  so  much  of  the  historical  development 
of  mathematics  as  will  prove  beneficial  for  cultivating  the 
reflective  and  constnictive  faculties. 

4.     Practical  ArpucATioN  and  ExrEEiMENTAL  teaching. 

To  make  the  pupils  find  the  properties  and  relations  of 
mathematical  qualities  and  geometrical  figures  by  way  of 
experiment,  then  to  lead  them  to  understand  the  logical 
reasoning  in  the  matter  of  proofs  and  finallj^  to  make 
X3ractical  applications  of  the  knowledge  is  in  accord  with 
the  Ijest  principles  of  teaching,  and  very  effective  for  awaken- 
ing interest,  and  for  promoting  a  closer  understaiiding  and 
more  lasting  impressions.  And  yet,  experimental  teaching 
and  practical  application  require  much  equipment  and  time, 
and  are  not  easy  to    put    into  practice.     Consequently    they 
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are  not  vet  much  iiitixxluced  in  toour  middle  scliools,  tliougli 
tlieir  need  has  become  increasingly  felt,  and  they  ]iave 
gi'adnally  come  to  be  regai'ded  as  of  much  importance.  Tlie 
experimental  teacliiug  and  practical  apphcation  actually 
followed  in  ordinjuy  middle  schools  are :  in  arithmetic, 
the  use  of  weights  and  measm-es,  estimating  distances  by 
the  eye  and  by  stepping  o&,  the  measm-ement  of  weights 
and  contents ;  in  geometry,  the  measurement  and  computa- 
tion of  sm-faces  and  volumes ;  and  in  trigonometry,  practice 
in  the  measm'ement  of  distances,  angles,  heights  and  areas. 
No  middle  school  ever  trained  its  pupils  in  the  use  of  section 
paper,  xjaper-folding  or  the  shde  rale.  Even  the  laboratory 
for  physics  and  chemistry  is  found  in  few  middle  schools. 
Much  more,  we  must  wait  for  many  yetu's  to  come  to  see 
the  establishment  of  mathematical  laboratories. 

SECTION  3.     Text-Books,  Collections  of  Problems,  and  Eeference 
Books. 

The  I'egulation  concerning  the  selection  of  text-books 
for  a  middle  school  is  the  following.  With  the  sanction  of 
the  local  governor,  the  principal  shall  select  the  text-books 
from  among  those  that  have  the  apjiroval  of  the  Minister  of 
State  for  Education.  The  number  of  approved  text-books 
for  mathematics  amounts  to  several  dozen,  of  which  the 
following  are  most  extensively  used. 

Abithmetic. 

RiKiTAEO  Fu.nsAA\'A. — Elementary  Text-Book  of  Arith- 
metic. 

TsuRxncHi  Hayashi. — New  Text-Book  of  Arithmetic. 

HiSASHi  Ter.\.o  and  Kokuro  Yoshida. — Mathematical 
Text-Book  for  Middle  Schools :    Aiithmetic. 

Tei.ji  Tak.\gi. — Text-Book  of  Ai-ithmetic  for  Elementary 
Education. 

Seito  I\Lvba. — New  Text-I3ook  of  Arithmetic. 

Ka,ad:xosuke  N.igasawa. — New  Text-B(X)k  of  Arithmetic. 


54  MIDDLE    SCHOOL  [aet.  n. 

Algebra. 

RiKiTARO  Fujikawa. — Revised  Text-Book  of  Elementary 
Algeljra. 

TsuRUicHi  Hayashl — New  Text-Book  of  Algebra. 

HisASHT  Teeao  and  Kokuro  YosfflDA.— Mathematical 
Text-Book  for  Middle  Schools:  Algebra. 

Teiji  TakaCtI. — ^Te^-Book  of  Algebra  for  Common  Educa- 
tion. 

Seito  Ivaba. — Revised  Text-Book  of  Algebra. 

IvAMENOSUKE  Nagasaw^\. — New  Text-Book  of  Algebra. 

Masanosuke  Iijima  and  Ichinojo  Amaxo. — Elementrj 
Algebra. 

Geoinietry. 

Dmroku  Kikuchl — Elementary  Text-Book  of  Geometry. 
TsuRUiCHi  Hayashi. — New  Text-Book  of  Geometry-. 
HisASHi    Terao    and     Kokuro     Yoshida. — Mathematical 

Text-Book  for  Middle  Schools :     Geometry. 
ToTA    Y^ASUDA    AND    Denzaburo     Shirat. — Text-Book     of 

Geometry. 
Seito  Ivaba. — Text-Book  of  Geometry. 
Kamenosuke  Nagasawa. — New  Text-Book  of  Geometry. 
KwANiCHiRO  MiWA. — Revised  Text-Book  of  Geometry. 

Trigonometry. 

Datiu)ku  Kikuchi  AND  GoiCHi  Sawada. — Elementar}'  Text- 
Book  of  plane  Trigonometry'. 

Matazo  Endo — Text-Book  of  Plane  Trigonometry. 

TsuRUi(!Hi  Hayashi. — New  Text-Book  of  Plane  Trigo- 
nometry. 

HisASHi  Terao  and  Kokuro  Yoshida. — Mathematical 
Text-Book  for  Middle  Schools  :     Plane  Trigonometry. 

Kamenosuke  Nagasawa. — New  Text-Book  of  Plane 
Trigonometry. 

Logarithmic  Tabij>:s. 

Meiko  Imamura. — Ordinary  Logaiithmic  Tables. 
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ToKiCHi  Miyamoto. — Five  Places  Logai-ithmic  Table  by 
GaiTss,  revised  "uitli  Directions  for   Use. 

All  the  text-books  for  middle  schools  have  been  com- 
piled in  accordance  with  the  syllabus  of  teacliing  for  middle 
schools,  and  consequently  there  is  not  much  diiftn-ence 
either  in  the  kind  or  in  the  grade  of  the  subject  matter. 
And  3'et,  in  recent  times,  the  contents  have  undergone  not- 
able improvements.  Compared  with  what  was  prevalent 
some  ten  yeai-s  ago,  a  complete  renovation  is  apparent. 
To  point  out  the  principal  improvements  introduced,  to  the 
great  benefit  of  both  instructors  and  learners  : — 

1.  Explanations  and  demonstrations  have  been  simi^Kfied. 

2.  Strict  and  exact  terminology  lias  been  introduced. 

3.  Problems    have    been    judiciously    selected    and    prt)- 
perlv  arranged. 

4.  There  has  been  an  adjusting  to  pupils'  gi'ade. 

5.  Recitation  hours  hnve  been  well  disti'ibuted. 
G.     Stress  is  put  on  practical  applications. 

7.  Systematic  connection    between    various    branches    of 
mathematics  is   established. 

8.  Definitions,  rules,  formukie,  theorems,  etc,  are  clearly 
described. 

But  as  to  the  essential  cliaracter  of  text-books,  there  is 
much  room  for  improvement.  In  the  compilation  of  text- 
lx)oks,  it  is  a  grave  problem  whether  the  sj'stematic  or  the 
methodic  treatment  of  the  subject  matter  is  to  be  prefened. 
The  adoption  of  a  text-l)ook  compiled  methodically  involves 
the  method  of  teaching  prescribed  l)y  it.  As  in  this  case 
the  clmracteristif^  benefits  of  free  and  creative  activity  in 
teaching  are  not  availal)le,  text-books  of  this  kind  are  not 
generally'  welcomed  l)y  first-cLiss  teachei's.  But  by  adopting 
these  text-lxx)ks  inex^^erienced  teacliere  may  avoid  the  danger 
of  courting  failure.  If,  on  the  contrar}',  a  book  with  syste- 
matic treatment  is  adopted,  teachers  themselves  must  plan 
the  method  of  teaching,  and  the  results  will  be  the    reverse 
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from  wliat  is  mentioned  above.  Accordingly  the  problem  of 
the  choice  of  text-books  cannot  be  settled  apodictically. 
The  text-books  in  use  in  om-  country  mostly  belong  to  the 
former  class  and  are  generally  welcomed  by  the  teachers. 

At  any  rate,  text-books  are  not  transcripts  of  lectures, 
but  ai*e  collections  of  problems  in  addition  to  instructions. 
If  teachers  are  not  thereby  hindered  in  their  teaching 
activity  and  x^upils  find  therein  what  they  have  assimilated, 
developed  and  constructed  during  their  recitations,  it  is 
sufficient.  Preparation  must  be  made  through  the  pupils' 
own  exertions.  Review  is  not  mere  repetition.  The  methodi- 
cally compiled  text-books  with  their  minute  explanations  and 
complete  demonstrations,  not  only  liinder  the  teachers' 
activity  in  teaching  but  also  limit  the  pupils'  activity  in 
acquisition.  It  is  often  said  that  pupils  prefer  private 
study  from  text-books  to  the  teacher's  direct  instruction. 
If  teachers  and  pupils  attach  much  importance  to  text-books 
and  rely  mainly  on  them,  then  the  cultivation  of  the 
reflective,  constructiv(!  and  expressive  faculties,  Avhich  is  the 
most  impoi-tant  point  in  the  teaching  of  mathematics,  can 
]iot  take  place.  This  is  the  usual  defect  in  the  teacliing  of 
mathematics.  The  fault,  however,  is  not  on  the  i)art  of  the 
text-books,  but  rather  on  the  part  of  the  teachers.  The 
improvement  of  teachers  is  more  impei"ative  than  that  of 
text-books. 

In  I'egard  to  the  collections  of  proljlems,  they  are  not 
much  used  in  our  country.  One  reason  for  this  is  that  no 
adequate  collections  of  i)roblems  exist.  Another  is  that  the 
text-book  contains  problems  more  than  enough  for  the 
prescribed  hours.  If,  however,  the  same  problems  be  as- 
signed year  after  year,  pupils  in  the  lower  classes  may 
learn  their  solution  directly  from  the  copy  books  of  those  in 
the  higher  classes.  To  remedy  this  defect  and,  at  the  same  time, 
to  afford  matter  for  home-tasks  during  the  summer  vacation, 
teachers  sometimes  specially  collect  ijroblems  for  their  own  use. 
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As  the  pupils  in  middle  schools  have  as  yet  no  sure  funda- 
raentjd  kuowledge  and  are  in  a  grade  which  does  ncjt 
require  reference  l)ooks,  there  is  no  middle  school  where 
reference  books  are  in  use. 

About  the  reference  books  for  teachers,  there  are  very 
few  written  by  Japanese  authors.  As  the  teachers'  know- 
ledge of  foreign  languages  has  been  limited  generally  to 
English,  books  published  in  England  and  America  have 
been  mostly  used.  In  recent  yeai's,  liowever,  works  compos- 
ed by  our  own  scliolars  are  graduallj'^  increasing.  Also  an 
increasing  number  of  teachers  study  German.  The  limit  of 
of  reference  books,  therefore,  is  gradually  extending.     . 

The  following  m*e  the  chief  reference  books  most  ex- 
tensively used  in  our  middle  schools. 

KiKiTARO  FujiSAWA. — Topics  of  Arithmetic  and  its 
^Method  of  Teaching. 

iliKiTARO  FujiSAWA. — Text  Book  of  Arithmetic. 

KiKiTARO  FujlSAWA.— Text  Book  of  Elementary  Algebra. 

MiKiTARO  FujTSAWA. — X  Sequel  to  the  Text  Book  of 
Elementary  Algebra. 

RiKiTARO  FujiSAWA. — Lectures  on  the  Teaching  of  Ma- 
thematics. 

Dairoku  Ktkuchi.— Exposition  of  Mathematics. 

Dairoku  Ivikucht.  —  Text  Book  of  Elementary  Geometry. 

Dairoku  Kikuchi. — Lectures  on  Geometiy. 

HiSASHi  Terao. — Text  Book  of  Arithmetic  for  Inter- 
mediate Education. 

TEi.n  Takagi.— New  Select  Arithmetic. 

Teiji  Taicagi. — Lectures  on  New  Style  Arithmetic. 

TsuRUiCHi  Hayashi.— New  Select  Geometry. 

TsuRUiCHi  Hayashi  and  Motoharu  KIT^-IEDA. — Equations. 

TsuRUiCHi  Hayashi  and  Motoharu  Kumeda. — Aj)plica- 
tions  of  Equations. 

TsuRUiCHi  IL\YASHi  and  Taxlhro  Kariya. — Inequality. 

TsuRUiCHi  Hayashi. — Problems  of  Arithmetic  :    Four  liules. 
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TsuEuiCHi  ILiYARHi  aufl  MoTOYA  Shibayama. — Conception 
of  Numbers. 

TsuEUiCHi  Hayashi.— Combinfitory  Analysis. 

TsuiiUiCHi  Hayashi  and  Tanijiro  Kariya. — Theory  of  Pro- 
bability. 

TsuRUiCHi  Ha YASHL— Determinants. 

TsURUK'Hi  Hayasht. — Problems  of  Geometrical  Loci. 

TsuRUiCHi  Hayashi.— Problems  of  Impossible  Geometrical 
Constructions. 

TsuEUiCHi  Hayashi. — Prol^lems  of  Maxima  and  Minima 
in  Elementary  Geometry. 

Henri  Poixcare. — Science  and  Hypothesis ;  trans,  from 
French  into  Jap.  by  T.  Hayashi. 

TsuRUK'Hi  HLvyashi.— Rudiments  of  Difterential  and  In- 
tegi'al  Calculus. 

ToKUSUKE  Kong. — Lectures  on  Differential  and  Litegral 
Calcuhis. 

ToKUSUKE  IvoNO.— Treatise  on  Algebraic  Analysis. 

Otokichi  Arakawa  and  Yasujiro  Takagi. — Classifications 
of  Constructions  of  Triangles. 

Otokkjhi  Arakawa. — Exposition  of  Classifications  of  Con- 
structions of  Triangles. 

Catal.\.n. — Theorems  and  Problems  in  Geometry ;  trans, 
from  French  into  Jap.  by  Kamenosuke  Nagasawa. 

JiTSUO  Yoshikawa. — Modern  Synthetic  Geometry. 

IviYOSHi  Ikeda  and  IIyoh];i  Taguchi. — Ti-eatise  on  Alge- 
braic Analysis. 

IwATARO  TomNAGA. — Psychology  of  Numljers  and  Arith- 
metic Teaching. 

KitiHisAiiURO  Sasaki. — Essence  of  the  Teaching  of 
Arithmetic  and  Principle  of  Counting. 

ToDHUNi^R . — Algebra. 

Hali.  and  Knight. — Elementary  Algelmi. 

Hall  and  Knight. — Higher  Algebra. 

Smith. — A  Treatise  on  Algebra. 
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Chuytal. — Tutvoduction  to  Al<j;ol)ra. 
Chrystal, —Text-Book  of  Algebni 
Wilson. — Elementary  Geometry. 
C.^SF.Y.— Elements  of  Euclid. 
Casey. — A  Sequel  to  Euclid. 
Halsted. — Elenieuts  of  Geomotiy. 
Nixon. — Euclid  Revised. 
Nixon. — Geometry  in  Space. 

Chauvenet. — A  Treatise  on  Elementary  Geometry. 
Ta  yloe  .  — Eucli  d . 

PfflLLiPS  and  Eishek. — Elements  of  Geometry. 
Godfrey  and  Siddons. — Elementary  Geometry. 
Casey. — A  Treatise  on  Elementary  Trigonometry. 
Nixon. — Elementary  Plane  Trigonometry. 
ToDHUNTEE. — Plane  Trigonometry. 
HoBSON. — Plane  Trigonometry. 
LiONEY. — Plane  Trigonometry. 
BuKNSiDE  AND  Panton. — Theory  of  Equation. 
PuCKLE. — Elemental^  Treatise  on  Conic  Sections. 
Salmon. — A  Treatise  on  Conic  Sections. 
ToDHLTsTER. — Differential  Calculus  and  Integi'al  Calculus. 
Williamson. — Differential  Calculus  and  Integral  Calculus. 
EiNK.-A  Brief  History  of  Mathematics. 
Batx. — A  Short  History  of  Mathematii's. 
Cajori. — A  History  of  MatJiematics. 
SivnTH.  — The  Teaching  of  Elementary  Mathematics. 
YoL^NG. — The  Teacliing  of  Mathematics. 
Benchara  Branford. — A   Study  of  Mathematical  Educa- 
tion. 
Ball. — Mathematical  liocreations  and  Pi'oblems. 

SECTION  4.     Models,  Specimens  and  Instruments. 

All  acknowledge  the  need  of  models,  s^x^cimens  and  in- 
struments for  teaching  arithmetic,  geometry  and  trigonometrj', 
and  of  making  use  of  them  in  observation  and    experiment. 
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There  is  no  need  of  limiting  the  nse  in  arithmetic  of 
models  and  specimens,  of  weights  and  measm-es,  as  well  as 
of  coins  ;  in  geometry,  of  rules,  measures,  compasses,  circular 
instraments ;  and  in  trigonometry,  of  surveying  insti-uments 
to  measui'e  angles,  distances,  heights,  etc.  On  the  contrary, 
it  should  rather  be  encoiu'aged.  In  regard  to  the  use  of 
models  in  teaching  geometiy,  however,  it  must  he  limited  to 
the  beginning  of  teaching  plane  geometry  in  the  lower  class 
and  solid  geometiy  in  the  higher',  when  there  is  need  of 
giving  tlie  pupils  accurate  ideas.  We  must,  however,  gradu- 
ally l)ring  pupils  to  understand  geometi-ical  conceptions 
without  the  aid  of  models.  Li  geometry  models  may  simply 
be  used  U)  make  pupils  acquire  accurate  ideas  by  way  of 
actual  oljservation.  But,  it  is  not  easy  for  l,eginners  to 
understand  or  to  express  complex  figiu-es.  Hence  for  both 
pui-poses  actual  observation  is  necessary. 

In  case  theorems  relating  to  area  and  volume  are  given, 
they  should  be  given  in  connection  with  their  practical  ap- 
X3Hcation,  for  wliich  pui"pose  models  may  also  be  utilized. 
To  construct  models  enhances  the  value  of  their  use.  With 
the  exception  of  such  as  can  he  constructed  of  string,  thick 
paper,  wire,  etc.,  however,  it  is  generally  difficult  to  assign 
the  constructio2i  of  models  to  ]3upils  at  present. 

It  is  also  necessary  in  trigonometry  to  teach  pupils 
actual  measurement  by  means  of  surveying  insti-uments. 
But  as  tliis  requires  time  and  equipment,  and  as  it  is 
difficult  to  allow  many  pupils  at  it,  it  has  not  yet  exten- 
sively been  put  into  practice. 

The  following  are  the  kinds  of  models,  specimens  and 
instruments,  which  are  generally  provided  in  most  <if  our 
middle  schools : — 

Implements  of  measures  and  weights,  implements  of 
metric  measures  and  weights,  implements  of  English 
measm'es  and  weights,  a  model  of  vernier,  a  tape  measme, 
rt  Gunter's  chain,  flag  staffs,  tally    pins,   theodolite,    a    slide 
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rule,  SI  black  1  )oarcl  compass,  rulers  ; 

Figures  of  Japanese  and  foreign  coins,  figures  of  stan- 
dard implements  of  measures  and  weights,  various  kinds  of 
loan  bonds,  bUnks  of  bills  of  exchange  and  cheques,  figures 
of  geometrical  solids,  wall-maj)  for-  shoAving  logarithmic 
table,  models  of  geometrical    solids. 

SECTION  5.     Relation  between    the    Course  in  Mathematics  and 
Other  Courses. 

Li  the  com'se  oi  di"awing,  geometrical  figures  and  pat- 
terns are  given  in  sketches,  copies  and  designs  in  the  third 
year  and  below,  and  geometrical  drawing  is  given  in  the 
fourth  and  the  fifth  years.  The  matter  taught  in  geometiical 
drawing  is  as  follows  : 

Fom'th  Year 

Sti-aight   line,    angle,    circle,    iwlygon,    curve,    horizontal 
plane,  vertical  plane,  lateral  plane,  and   development. 
Fifth  Year 

Li  addition  to  what  is  given  in  the  previous  year,  in- 
tersecting planes,  isometric  drawing,  and  an  outHne 
of  x>erspective. 

The  drawing  lesson  is  one  hour  a  week  for  each  year. 
And,  as  free-hand  di-awing  is  also  given  in  addition  to 
geometrical  drawing,  the  hours  used  for  geometrical  drawing 
are  exceedingly  few. 

The  apportionment  of  geometrical  drawing  in  the  course 
of  drawing  is  as  above,  and  geometry,  as  j^reviously  men- 
tioned, is  to  Ije  taught  in  tlie  third  year  only.  Hence 
there  must  be  planned  some  such  mutual  connection  between 
the  drawing  lesson  and  geometry  teaching,  that  when  in  the 
former  geometiical  figures  are  taken  in  the  second  3'ear  or 
lower  the}'  may  afford  b}*  way  of  observation  an  intuitive 
geometrical  knowledge  preparatory  for  the  latter,  whilst  when 
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ill  the  latter  jreometrical  theorems  are  treated  in  the  thiid 
year  and  u]3ward,  they  may  in  retnrn  afford  a  rational 
geometrical  knowledge  helpful  to  the  Letter  understanding 
of  the  former.  It  is  also  to  be  desired  that  the  knowledge 
aiforded  hy  the  teaching  of  geometry  may  he  utilized  in 
geometrical  drawing,  whilst  the  ahility  to  produce  elaborate 
figra'es  acquired  in  the  drawing  lessons  may  be  utilized  in 
geometrical  constructions,  not  only  to  ehicidate  the  method 
but  also  to  make  it  actual,  and  so  forth. 

In  chemistry,  biology,  mineralogy  and  geogi'aphy,  in  as 
far  as  they  are  taken  in  middle  schools,  mathematics  are 
seldom  used  except  for  some  simple  computations,  proj^wrtions 
and  graphic  representations.  To  these  may,  perhaps,  be 
added  some  knowledge  of  solid  geometry  for  crystallograph3% 
some  computations  of  w^eights  and  measures  as  well  as  of 
money  for  geography,  and  some  knowledge  of  solid  geometry 
and  trigonometry  foi'  the  teaching  of  longitude  and  latitude 
as  well  as  for  map  drawing.  And  ^''et  in  the  middle 
school  grade  these  mathematics  are  seldom  applied,  and  at 
least  there  is  no  need  in  the  teaching  of  mathematics  to 
pay  special  attention  thereto. 

Mathematics  are  most  extensively  applied  in  physics. 
And  what  is  most  extensively  applied  in  x^^iJi^ics  is  the 
knowledge  relating  to  i)roportions.  Of  the  physical  laws 
C(jntained  in  the  ordinary  text-book,  those  relating  to  pro- 
lX)rtion  are  more  than  thirty. 

Equations  are  used  in  dynamics,  i:>roperties  of  matter, 
theory  of  heat,  acoustics,  optics,  and  theory  of  electricity 
and  magnetism.  There  are  not  a  few  cases  in  wliich  the 
solution  of  simple,  quadi'atic,  and  irrational  equations  is 
required. 

Of  the  theorems  given  in  elementary  geometry  those  are 
made  us3  of  in  physics,  wdiicli  relate  to  triangles,  parallelo- 
gi'ams,  similar  figures,  and  symmetrical  figiu'es.  They  are 
most  needed  in  dynamics  and  optics. 
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Kven  though  middle  scliool  ]i]iysics  are  not  generally  so 
advanced  as  tt)  utilize  trigouonietiy,  j'et  some  knowledge 
concerning  tiigononometrical  figm-es  is  needed  in  teacliing 
the  reflection  of  light,  the  dip  of  the  magnetic  needle  and 
the  galvanometer. 

Certainly-  it  is  desirable  in  the  teaching  of  physics,  not 
only  to  apply  the  principles  acqiiired  in  mathematics  so  as 
to  help  the  understanding,  but  also  to  endeavour  thereby  to 
reveal  fully  the  value  of  the  application  of  mathematics  as 
such.  It  is  also  desiralile  in  the  teaching  of  mathematics, 
not  to  lie  satisfied  with  merely  giving  the  principles,  Init 
also  to  endeavour  fully  to  train  pupils  in  applying  them  to 
actual  problems, — especially  when  in  algebra  prOj^wrtion  and 
equation  are  treated, — taking  the  subjects  extensively  from 
physics  as  well  as  from  other  branches.  Teachers  of 
mathematics  are  blamed  for  the  insufficiency  of  the  pupils' 
knowledge  of  mathematics  in  learning  X3li3'sics.  This  in- 
sufficiency, however,  is  due  not  to  the  inferiority  of  their 
matliematical  knowledge,  but  rather  to  the  lack  of  training 
in  its  aj^x^ilication.  This  is  one  of  the  ordinary  defects  in 
the  teacliing  of  mathematics.  Undoubtedly  it  is  due  to  the 
fact  that  thoughtlessly  too  much  importance  is  attached  to 
the  exercise  of  problems  in  pure  mathematics  to  prepare  for 
the  impending  entrance  examinations;  that  there  is  a  cram- 
ming of  such  matter  and  a  consequent  neglect  of  the  prac- 
tical side  of  mathematics. 

Of  mathematics,  arithmetic  and  algebra  have  the  closest 
relation  to  daily  Kfe.  As  a  matter  of  course,  computations 
in  the  four  rules,  frictions  and  comiwund  numbers  are 
necessary  for  every  one.  As  the  result  of  material  civiliza- 
tion, however,  such  conveniences  as  water-pipes,  gas-fittings, 
electrical  appliances,  etc.  have  become  increasingly  prevalent, 
and  the  conditions  of  daily  life  have  undergone  a  wonderful 
change.  Consequently  the  amount  of  knowledge  necessary'  for 
every  day  computations  has  become  greatly  extended,  so  tliat 
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for  those  wlio  are  well  to  do  and  keeping  pace  with  the  pro- 
gress of  national  opulence,  the  knowledge  of  computations 
relating  to  taxes,  loan  bonds,  stocks,  interest,  annuities, 
insurance,  etc.,  has  become  very  necessary.  Hence  in  the 
teaching  of  mathematics  in  the  middle  school,  efforts  must 
be  made  amply  to  provide  the  knowledge  required  for  all 
these  problems  of  daily  life. 

CHAPTER  VHE.    To  remove  the  Dislike  of 

Mathematics,  and  to  make  that  Study 

Mgee  Generally  AccErTABLE. 

Generallj'  speaking  mathematics  are  not  to  the  taste  of 
the  pupils  and  frequently  are  a  subject  of  dislike.  This  is 
owing  to  the  following  reasons.  Abstract  and  well  ordered 
as  it  is  the  study  of  mathematics  is  naturally  monotonous, 
and  its  acquisition  appeals  to  the  reasoning  power  only.  Li 
numerical  computations  errors  easily  occur.  Such  an  eri'or,  be 
it  ever  so  insignificant  at  first,  finally  becomes  so  magnified 
that  no  computer  can  overlook  it,  and  consequently  he  finds 
himself  obliged  to  repeat  the  process.  For  these  reasons 
mathematics  do  not  appeal  to  beginners. 

The  science  of  mathematics  is  also  no  favourite  in  the 
home  or  in  general  society.  As  mathematical  knowledge  is 
wanting  there,  children  can  come  into  contact  with  it  onl}' 
at  school.  Left  without  help,  they  find  their  home-task  in 
mathematics,  reviewing  and  preparing,  not  so  eas}'  as  other 
subjects.  Childi-en  thus  encom'age  a  feeling  of  dislike  aga- 
inst arithmetic  and  lose  all  taste  for  it  already  in  the  ele- 
mentary schools. 

Prior  to  entering  elementary  schools,  however,  childi'en 
liave  a  liking  for  measm-ing  and  enumerating  things,  and 
comparing  them  in  size  and  number.  Taking  this  aspect  of 
their  mental  development  into  careful  consideration,  therefore, 
they  ought  to  be  so  instructed  in  elementary  schools  as  to 
deepen  their  taste  for  mathematics.     Li  order  to  attain    this 
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raim   the    fpllowing   directions    are    to  be    specially  attended 
to:— 

Even  if  the  teacliing  of  mathematics  should  at  first 
X)roceed,  as  a  matter  of  com*se,  from  the  intuitive  and  ex- 
|)erimental  side,  yet  do  not  idly  consider  its  abstract  side 
difficult,  but  try  to  impress  mathematical  truth  gradually 
n}X)n  the  children's  mind  so  as  to  cultivate  their  taste  for  it. 

Keeping  in  mind  the  nature  of  mathematical  teaching, 
bike  up  one  item  arid  teach  it  till  it  be  fully  acquired  and 
becomes  thoroughly  familiar,  and  then  proceed  to  the  next 
item.  Make  children  review  at  times  items  already  taken, 
so  that  their  clear  understanding  never  be  lost. 

Paying  special  attention  to  tlie  notation  of  figm'es  and 
to  the  method  of  computation,  do  not  thoughtlessly  blame 
the  slowness  of  cliildren's  computation,  but  rather  try  to 
cultivate  in  them  the  habit  of  computing  coiTectly.  Even 
if  an  error  be  committed,  do  not  immediately  ascribe  it  to 
their  lack  of  scholarship  and  make  them  dispense  with 
computation.  Pay  attention  to  the  selection  of  subject  matter 
so  as  to  make  it  accord  with  the  state  of  the  cliildren's 
knowledge. 

Devise  a  plan  to  make  home  review  easy,  so  as  to  lead 
childi-en  to  take  it  up  of  their  own  accord  as  they  do  witli 
other  sul)jects. 

Even  in  teacliing  other  subjects,  apply  mathematics  to 
those  that  relate  to  numbers  thus  making  it  practical. 

In  regard  to  backward  children,  make  a  thorough  in- 
vestigation and  apply  some  remedy  accordingly.  Teach 
mathematical  games.  Also  give  interesting  lectures  relating 
to  mathematics  at  class  meetings  and  the  like. 

If  attention  be  paid  to  some  other  jwints  as  well,  so 
that  the  taste  for  mathematics  be  aroused  in  children  and 
the  dislike  against  it  be  removed  whilst  they  are  attending 
elementary  schools,  the  greater  part  of  the  present  problem 
may  be  regarded  as  already  solved. 
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Also  in  middle  schools  similar  tactics  should  be  pursued. 
The  more  advanced  pupils  in  middle  schools  acquire  a 
sufficient  liking  for  mathematics,  but  the  backward  pupils 
find  it  increasingly  difficult  as  they  advance,  and  come  to 
dislike  it  altogether.  Hence,  some  means  should  be  devised 
from  the  very  beginning  to  alleviate  the  difficulty  experienc- 
ed by  backward  pupils. 

Concerning  the  j)lan  of  making  mathematics  more  pre- 
valent than  at  present  no  investigation  has  Ijeen  made  from 
the  standpoint  of  popular  education.  Last  year  the  Depart- 
ment of  Education  organized  a  Popular  Educational  Research 
Committee  and  arranged  for  a  general  investigation  concern- 
ing ]X)pular  education.  Therefore  the  problem  just  referred 
to  may  sooner  or  later  be  investigated.  The  following  may 
afford  some  help  in  cultivating  a  general  taste  for  mathema- 
tics and  to  make  clear  its  necessity. 

To  encourage  popular  works  on  mathematics,  and  provide 
them  in  the  ]X)pular  lecture-meetings,  and  to  give  interesting 
lectiu-es  on  mathematics. 

To  publish  interesting  mathematical  topics  in  the  news- 
papers and  magazines  extensively  circulating  in  the  home 
circle. 

To  post  up  at  schools,  shrines,  temples,  parks,  stations, 
etc.,  where  large  numbers  of  people  assemble,  the  survey- 
maps  of  the  neighbourhood  and  the  results  of  surveying  the 
distances,  heights,  areas,  etc.  of  the  principal  mountains, 
rivers,  high-ways,  buildings,  etc.  in  their  neighbourhood. 

To  post  up  in  schools,  village-offices,  town-offices, 
principal  highways,  statistics  concerning  local  industries. 
To  give  in  apprentices'  schools,  supplementary  schools, 
young  men's  associations,  etc.  some  easy  problems  in  appli- 
ed mathematics. 

CHAPTEK  IX.     TRADjmG  or  Teachers. 
As    the    report    concerning   the  training  of  teachers  is  to 
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be  speciall}''  prepared  by  some  other  committee,  we  shall 
]iere  limit  ourselves  to  its  main  features. 

Teachers  of  middle  schools  ought  to  have  a  teachers' 
licence  gi'aiited  in  accordance  with  the  Ordinance  relating  to 
the  autliorization  of  teachers'  licences.  These  licences  are  to 
be  granted  by  the  Minister  of  State  for  Education  to  the 
gi'aduates  of  government  schools  and  institutes  specially 
established  for  teacliers'  training  as  well  as  to  those  who 
have  successfully  passed  a  qualification  test.  The  schools 
specially  established  for  the  training  of  teachers  consist  of 
higher  normal  schools,  of  whicli  there  are  two  at  present, 
namely,  tlie  Tokyo  Higher  Normal  School  and  the  Hiro- 
shima Higher  Normal  School.  The  teachers'  training  tem- 
porary institutes  are  the  institutes  specially  established  as  a 
kind  of  emergency  measure  for  the  training  of  teachers. 
There  is  only  one  at  present,  concerned  with  the  training 
of  mathematics  teachers.  It  is  the  Tliird  Temporary  Insti- 
tute for  the  Training  of  Teachers  in  Sendai. 

Tlie  qualification  tests  consist  of  two  kinds,  namely,  the 
one  without  examination  and  the  other  with  examination. 

The  test  without  examination  is  mainly  aj)plied  to 
graduates  of  the  schools  established  or  approved  by  the 
Minister  of  State  for  Education. 

Tlie  test  by  examination  for  mathematics,  takes  place 
according  to  four  grades,  the  first  consisting  of  arithmetic, 
algebra,  and  geometry,  the  second  of  ti'igonometry,  the  third 
of  analytical  geometry,  and  the  fourth  of  differential  and 
integral  calculus, — the  standard  being  in  accord  with  the 
degree  of  ability  required  to  teach  satisfactorily  in  middle 
schools, — and  the  examination  is  held  separately  for  each 
grade  and  at  the  same  time  there  is  a  test  as  to  sufiicient 
knowledge  of  the  outlines  of  pedagogics  and  of  pedagogical 
method. 

The  number  of  those  to  whom  teachers'  licences  have 
been  granted  in  1909  is  as  foUows  : — 
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Tliose  needing  no  test        24 

Successful  non-examinees .7 

Successful  examinees 21 

Total        52 

Of  those  to  whom  teachei-s'  licences  are  gi'anted,  the 
gi'aduates  of  schools  and  institutes  specially  established  for 
the  training  of  teachers  were  given,  during  their  studies, 
various  subjects  relating  to  pedagogy  as  well  as  various  ex- 
ercises relating  to  practical  teaching,  but  those  who  merely 
pass  the  test  generally  lack  pedagogical  knowledge  and  tact 
as  well  as  skill  in  teaching.  Even  after  a  few  years'  ex- 
j)erience,  they  cannot  free  themselves  from  various  defects 
in  their  jpractical  teaching.  Hitherto,  as  there  was  no 
sufficient  number  of  middle  school  teachers  and  as  it  was 
difficult  to  make  up  the  deficiency,  efficiency  of  knowledge 
and  skill  could  not  be  expected  of  these  teachers.  Neverth- 
less,  as  the  teachers'  amount  of  knowledge  and  degree  of 
skiU  have  much  to  do,  not  only  with  the  teaching  itself, 
l^ut  also  with  the  progress  and  development  of  school  educa- 
tion at  large,  the  Department  of  Education  has  been  con- 
stantly endeavouring  to  supplement  their  scholarship  and 
to  improve  the  method  of  practical  teaching.  For  this  pur- 
]X)Se,  it  used  to  organize  in  former  days  a  summer  lecture 
class  during  the  long  vacation.  Li  order  to  enhance  the 
value  of  this  course,  however,  the  higher  normal  schools  have 
in  recent  years  been  instructed  to  organize  coui-ses  during 
the  ordinary  school  season,  for  the  j)ui'pose  of  teaching  in 
addition  to  mathematics,  some  pedagogics  and  pedagogical 
methods  and  of  instituting  researches  as  to  practical  methods 
of  teaching.     Good  results  have  not  been  lacking. 

For  all  that,  the  progress  and  improvement  of  middle 
school  education  depend  much  u^xju  the  teachers'  knowledge 
and  tact  in  education  as  well  as  u^xin  their  personality. 
And  it  seems  most  aj)propriate  to  the  j)i'Gsent  condition  of 
Japan    to     improve    the    method    of     qualification    tests    by 
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establisliing  a  new  course  in  practical  education  in  the 
higher  normal  schools,  and  taking  all  the  successful  ap- 
plicants for  the  test  into  this  course  as  candidates  for 
teachers  in  order  to  train  them  in  education,  theoretical  and 
practical,  and  then  granting  teachers'  licences  only  to  tliose 
whose  attainments  prove  satisfactory. 
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The  Teaching  of  Mathematics 


Higher  Middle  Schools  [Hi-^li  SoIidoIs]. 
The  Course  op  MathejVLATics 

IX 

THE  Second  DiTATtTMENT. 
PRELBIINArtY  llEMAJUvS. 

T.     Kinds  of  Students. 

A  liiglier  middle  school  is  a  jpreparatoiy  institution  of 
the  Imperial  University.  Graduates  of  middle  schools  are 
admitted  to  liigher  middle  schools  after  passing  through  a 
competitive  examination,  and  they  all  intend,  after  their 
graduation,  to  j)roceed  to  the  Imperial  Univereity  "v\-ith  the 
object  of  pursuing  their  respective  special  courses  of  study. 
In  every  higher  middle  school,  those  students  who  are  going 
to  enter  the  Faculties  of  Science,  Technology,  and  Agiicul- 
ture  are  put  into  one  gi*oup  designated  by  the  name  of 
Second  Departinent,  in  the  fii"st  and  second,  yeai's  of  which 
coarse  all  the  students  receive  ex?ictly  the  same  mathematical 
lessons,  but  in  the  third  year,  calculus  is  taught  to  all  those 
who  are  going  to  enter  the  College  of  Engineering  and  also 
to  some  of  those  who  intend  to  enter  tlie  College  of 
Science. 

n.     The  Principle  according  to  which  the  Subject- 
mattei's  of  Mathematical  Instruction  are  selected. 

As  above  stated,  the  amount  of  knowledge  of  the 
students  at  the  time  of  their  admission,  is  that  of  the 
middle  school  gi-aduates,  and  after  tlu'ce  yeai-s'  study  in  this 
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institution,  tliey  enter  the  Imperial  University.  It  is, 
therefore,  necessary  that  we  should  keep  up,  on  one  liand, 
a  close  connection  with  tlie  middle  school  education,  and,  on 
the  other,  "with  the  university  (^lucation.  At  the  same  time, 
we  must  n(jt  lose  sight  of  the  affinity  of  mathematics  with 
other  branches  of  study,  physics,  dynamics,  surveying,  and 
so  forth,  preparing  the  mind  so  as  to  enable  the  students 
understand  the  lectures  on  these  subjects.  These  considera- 
tions determine  the  selection  of  the  subject-mattei-s  to  be 
taiight  as  well  as  the  method  of  instruction. 

m.  The  General  Considerations  regarding 
Mathematical  Teaching. 
As  by  far  a  great  part  of  our  student  is  going  to  enter 
the  College  of  Engineering— such  being  the  present  tendency 
in  this  ountry — it  cannot  l)o  helped  that  we  have  to  teach 
the  students  of  the  second  department  as  if  they  were  all 
going  to  enter  that  college ;  but,  as  mathematics  taught 
in  higher  middle  schools  must  also  have  the  chai'acter  of 
mental  cultm-e,  we  ought  not  to  make  its  applications  alone 
our  sole  object,  even  though  we  may  teach  it  as  a  prepara- 
tory study  for  engineering  students.  In  teaching  mathe- 
matics iov  its  own  sake,  the  utmost  importance  is  to  be 
given  to  deductive  reasoning,  keeping  the  logical  principle 
in  view  as  far  as  possible.  And  at  the  same  time  we  have  to 
make  the  students  skilful  in  numerical  calculations,  whereby 
the  subject-matter  to  loe  taught  are  selected  from  practical  ^xjint 
of  view.  Now  if  we  put  too  much  weight  on  tlie  logic, 
we  would  natm'ally  meet  with  great  difficulties  in  proving 
some  certain  theorems,  and  it  would  1k»  almost  impossible  to 
teach  them  rigorously  in  higher  middle  schools ;  therefore,  in 
actual  teaching,  we  believe  it  sometimes  necessary  to  have 
recourse  to  hem-istic  methods,  whereby  we  appeal  to  the 
common  sense  of  the  students,  or  else  explaining  them  by 
graphs  and  making  use  of  the  knowledge  they  liave  already 
acquired. 
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IV.     Iiclations  with  otlier  Brandies  of  8tndj. 

Li  order  to  estiibiisli  connections  Ijetwccn  mathematics 
and  other  subjects,  especially  pliysics  and  d3'namics,  we 
shall  choose  examples  and  problems  in  mathematics  from 
among  those  of  pliysics  and  dynamics  as  much  as 
we  can,  along  with  geometrical  problems.  The  detailed 
discussion  on  this  suliject  will  be  found  in  the  answer  to 
the  (juestion  I'egarding  Chapter  II  in  the  second  Part. 
V.     Syllabus. 

According  to  what  we  have  stated  above,  we  have 
prepared  tlie  detailed  s^dlabus  of  teaching,  and  every 
particular  "will  be  found  in  it.  Remarks  have  been  added 
in  order  to  make  our  views  clear. 

T.il)le  of  the  Lours  allotted  to  the  mathematical  lessons  of  the  2nil  department. 


Hours  per  week 

Total  hours  in 
one   year 

First  year 

5 

about     160 

Second  year 

4 

12S 

Third  year 

4 

128 

416 

These  houra  are  distributed  among  the  different  branches  of  mathematics  in 
the  following  way. 


Trigonometry 

Algebra 

Analytical 
geometry 

Calculus 

II 

1st  term 

39 

26 

2nd  term 

24                       20 

6 

3rd  term 

18 

27 

a  y 

s  s 

1st  term 

26 

26 

2ud  term 

1             20 

20 

3rd  term 

18 

18 

1st  term 

52 

2nd  term 

40 

3rd  term 

36 

63 

128 

97 

128 

HIGHER  MIDDLE  SCHOOLS 


[ai'.t.  in. 


Tiilile  of  the  Text-lxxjks  now  in  use. 


Trigonometry 

Totlhnnter — Pljine  trigonometry   for   the    use    of 
colleges  antl  schools. 

Algebra 

Tcxlhunter — Algehm  for  the  iise  of  colleges  ncd 
schools. 

Smith — A  treatise  on  .algebra. 

Fujisawa — ZoJai  Syoto  Paini'i.gnkii,  Kiio!cwasyo 
(Text-book  of  Continvaation  of  Ele- 
mentary Algebni). 

Analytical 
geometry 

Kiknchi — Analytical  geometry. 

Miwaila — Solid  analytical  geometry. 

Fuckle — An  elementary  treatise  on  conic  section 

and  algebraic  geometry. 
Aldis — An  elementary  treatise  on  solid  geometry. 

Differential 
and  integi'al 
calculus 

Todhiinter — A  treatise  on  the  differential  calcvdus. 

„             A  treatise  on  the  integral  calculus. 
Williamson— An  elementary  treatise  on  the  dif- 
ferential calculus. 
„               An    elementary    treatise  on  the  in- 
tegral calciilus. 
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Trigonometry. 
OENEHAL  IIEMARKS. 

I.     The  (31)ject  of  teaoliing  Tiigonometry  to  the 
Stndonts  of  the  Second  Department. 

We  should  teach  trigonometry,  not  only  because  it  is 
an  inn^ortant  study  in  itself  from  matliematical  point  of 
view,  but  also  IxH^ause  it  lias  n(^)t  a  little  relatitjn  with 
analytical  geometiy,  calculus,  and  otlier  sul)jects,  esj)ecially 
with  physics,  dynamics,  and  surve^'ing,  whicli  will  Ije 
studied  later. 

n.     The  Selection  of  the   Materials  to  l)e  taught  and 
tlie  Care  that  should  l)e  taken  iji  Teacliing. 

Tlie  students  have  ah-eady  learned  elementary  trigonome- 
try in  middle  schools,  but  it  will  be  assuming  too  much  to 
think  that  their  knowledge  of  the  subject  is  otherwise 
than  uncertain ;  so  the  first  half  <jf  the  trigonometry 
taught  in  higher  middle  schools  is  the  same  as  that  which 
the  students  ought  to  have  learned  in  middle  schools,  with 
only  this  difference  that  the  subject  is  treated  more 
minutely ;  and  after  thus  making  their  knowledge  more 
certain  step  by  step,  we  proceed  to  teach  the  remaining 
lialf  which  is  entirely  new  to  them. 

As  circular  measure  is  not  taught  in  middle  schools,  it 
should  be  explained  clearly  with  special  care,  so  that  the 
students  may  fully  understand  it.  Again,  as  circular 
measiu'e  is  Ijeing  constantly  used  in  calculus  and  various 
branches  of  applied  mathematics,  it  should  be  explained 
fully  in  order  to  aA'oid  the  mistakes  which  the  students  are 
lial.)le  to  make.  The  students,  so  far  as  oui-  exi:)erience 
goes,  will  l)e  able  to  state  the  definition  of  circular  measm'e 
clearly  and  coiTe(!tly,  l)ut  wheu  they  once  come  to  ai^ply  it 
t(j  numerical  calculations,  they  often  forget  the  fact  that  the 
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mdian  is  t1u>  unit  of  the  angle  used  in  tho  calculation  and 
commit  l)limders.  I'nrtlier,  the  relation  between  circular 
measure  and  sexagesimal  divisions  should  l)e  well  taught. 

Regarding  trigonometi-ical  ratios,  it  is  futile  to  confine 
ourselves  to  acute  angles,  as  is  done  in  middle  schools  ;  but 
we  should  f mother  give  the  definitit)ns  and  explanations 
concerning  the  cases  of  angles  in  general,  and  ^ve  should 
also  explain  the  periodicity  of  circular  functions,  and  thus 
introduce  a  notion  of  periodic  functions. 

It  has  long  lieen  customary  to  devote  one  chapter  to  the 
propei'ties  of  triangle,  but  from  practical  ]ioint  of  view  there 
is  no  gi'eat  need  of  treating  the  properties  (»f  triangle 
miiiutely  and  this  chapter  should,  therefore,  Ije  entirely 
omitted.  But  the  properties  of  triangle  can  l)e  best  ex- 
plained and  demonstrated  1)}'  the  use  of  trigonometical 
functions,  and  by  so  doing,  not  onl\'  the  relation  between 
geometiy  and  trigonometry  is  made  clear,  but  it  also  leads 
to  the  applications  of  trigonometiy.  Therefore,  it  Avill  ])o 
only  proper  to  retain  this  chapter  ,as  ever.  Accordingly,  Ave 
have  preserved  this  chapter,  but  the  i^roperties  of  triangle 
are  not  so  minutely  described  as  has  hitherto  l)een  done. 
We  believe  that  the  problems  regarding  tlu^  properties  of 
triangle  which  are  given  to  the  students,  have  the  effect  of 
awaking  their  interest  for  trigonometry'. 

As  the  construction  of  logarithmic  and  trigonometrical 
tables  is  of  no  practical  use  Avhatever,  and  as  its  omission 
will  bring  no  incon^^enience,  it  has  been  left  out ;  but  therf^ 
are  some  who  advocate  that  it  should  be  taught  at  this 
stage  in  view  of  the  students  having  hereafter  no 
opportunity-  of  learning  how  these   tal)les  were  made. 

PLANE  TEIGONOMET I  lY. 

1.       Circular    measure    of    an   angle.     Definition  of  circular 
measure  and  its  relation  to  the  sexagesimal  divisions. 
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2.  Ti'igonomoti-ical  ratios.  Pefiuitiou  of  tvij^onometrical 
ratios  of  any  angle  from  geometrical  ixnnt  of  view ; 
periodicit}'  of  circular  functions. 

3.  Formulae  exx)ressing  sine  and  cosine  of  the  sum  or 
difference  of  two  angles  in  terms  of  sines  and  cosines 
of  the  angles  themselves.  Addition  theorems  for 
tangent  and  cotangent.  Multiplication  and  division  of 
circiilar  functions.  Formulae  expressing  the  sum  or 
difference  of  t\vo  sines  or  two  cosines  in  the  form  of 
a  product.  Extension  of  the  formulae  for  the  sum  of 
three  angles.  Use  of  subsidiary  angle.  Special 
trigonometrical  ratios. 

4.  Logarithm.  Definition  of  logarithm  and  its  funda- 
mental properties.  Transformation  of  the  base.  Use 
of  logarithmic  and  trigonometrical  tables. 

5.  Relations  between  the  sides  and  the  trigonometrical 
ratios  of  the  angles  of  a  triangle. 

6.  Solution  of  triangles. 

7.  Propeiiies  of  a  triangle. 

8.  Summation  of  the  trigonometrical  series  : — 

sin  a  +  sin  (a  +  Ji)  +  sin  f^;  -f  2/0  +  ....  +  sin  (//  +  ii  —  1  //), 

and   cos  a -f  cos  (a  +  It)  +  cos  (a -f  2//)  +  .  .  .  .  -f-  cos  (a  +  ?i  —  1  7<). 

9.  Methods  of  elimination,  explained  by  several  examples. 

10.  Liverse  trigonometrical  functions. 

11.  Solution    of     trigonometrical    equations,    explained    by 
several  examples. 

Algebra. 

GENEIIAL  KJ<:MARKS. 

Algebra  taught  in  higher  middle  sch(K)ls  is  to  begin 
with  the  contimiation  of  the  same  subject  taught  in  middle 
schools,  and  then  we  go  on  to  integral  functions  which  are 
followed  by  calculus.     In  a  portion  of  its  fii'st  part,  therefore, 


8  HIGHER  MIDDLE  SCHOOLS  [aut.  hi. 

it  would  jix)pear  that  tlie  same  tiling  is  taught  over  again, 
Tnit  we  teach  algebra  more  or  less  deeper  than  it  is  taught 
in  middle  schools.  As  there  is  no  text-ljook  suited  to  our 
object,  and  in  that  portion  of  algebra  that  annes  after 
permutation  and  combination  the  suljject- matters  are,  so  to 
speak,  independent  of  one  another ;  sc )  they  are  taught  in 
different  order  by  different  teachers.  The  theory  of  rational 
integial  function  is,  however,  tauglit  generalh^  in  the  order 
prescribed  in  the  syllabus. 

ALGEBllA. 

I.     ]-2(|uation  of  the  First  Degi'ee, 

Solution  of  the  linear  equation  with  one  unknown 
quantity. 

Solution  of  the  simultaneous  linear  equations  with  two 
unknown  quantities.  It  should  bo  explained  Avhat  relations 
among  the  knowji  quantities  make  the  equations  in- 
consistent, or  the  unknown  quantities  indeterminate. 

Equivalencies  (in  Rouche-Comberousse  sense)  of  two 
successive  systems  of  equations  which  lead  to  their  solution. 

[The  term  "  equivalencies  "  is  not  absolutely  important, 
but  it  is  convenient  to  use  it  in  teaching.] 

Variation  of  a  linear  function  and  its  graph,  and 
geometrical  interpretation  of  the  solution  of  the  simultaneous 
linear  equations  with  two  unknown  quantities.  Solution 
of  the  simultaneous  linear  cKjuations  with  three  unknown 
(juantities,  whereby  the  notion  of  a  determinant  is  to  be  in- 
troduced and  explained. 

II.     Liequallties. 

[Since  it  is  useful  for  the  discussion  of  the  natm-e  of 
a  quadratic  function,  the  theory  of  inequalities  is  inserted 
here.  The  fundamental  principles  on  inequiilities  should  he 
treated  minutely  and  fuU}^  explained,  for  the  subject  is  new 
to    the    students,    and,  moreover,  it  is  not  difficult  to  under- 
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TJio  fuii(l)imeut;il  tlu^oroins  oil  iiuHiujilitics. 

Method  of  solving  .-i  liiieju'  inequality  with  single 
nnknown  quantity. 

Tlie  arithmetical  mean  of  any  number  of  xsositive 
quantities  is  greater  than  or  (M|ual  to  their  g«:)metrical 
mean  ;  and  several  other  irapoi'tant  theorems  of  the  like 
kind. 

The  applicatiou  (jf  the  preceding  thet)rems  : — Some  pro- 
blems of  maxima  and  minima. 

in.     Fjqiiation  of  the  Second  Degi'ee. 

Solution  of  the  ecjuation  of  the  second  degree.  [We 
should  explain  the  necessity  of  introducing  a  complex 
]  lumber.] 

Solution  of  a  qujidratic  inequality. 

The  variation  of  the  value  of  a  (juadvatic  function 
ax'-}-hx-]-c.  [In  order  to  explain  the  variation  of  the  value 
of  a  quadratic  function  ((.c-  +  b.c-\-r,  it  is  convenient  and 
interesting  to  interpret  it  by  means  of  graph,  and  to  show 
the  connection  between  algebra  and  geometi-y.] 
IV.     Rational  Integi-al  Functions. 

Remainder  theorem  and  its  consequences.  Euclid's 
algorithm. 

If  the  product  of  two  rational  integral  functions  A  (x) 
and  B  (x)  l)e  divisible  l)y  a  rational  integral  function  C  (x), 
and  A{x)  be  prime  to  0  (•v),  B  (x)  must  be  divisible  b^' 
C{x). 

Decomposition  of  a  rational  fraction  into  partial  fractions. 
V.     Permutation  and  Combination. 

[This  chapter  is  introduced  here  t(j  give  review-lessons 
to  the  students  wlio  have  ah'eady  acquired  some  knowledge 
of  permutation  and  combination  in  middle  sclifX)ls.] 

Number  of  >•  — permutation  and  r  —  coml  )ination  of  n 
letters. 

Vandermoude's  theorem. 


10  HIGHER  MmDLE  SCHOOLS  [akt.  m. 

Permutation  .'ind  combination  of  v  things  wlion  eacli  of 
tliem  may  l>e  repeated. 

[In  solving  the  problems  of  permutation  and  combina- 
tion, tlie  students  must  be  very  careful  in  reasoning,  for 
otherwise  they  are  liable  to  be  led  into  eiioneous  results. 
This  chapter  will  perhaps  give  a  very  good  exercise  of 
careful  reckoning  and  reasoning  for  students.] 
VI.     Binomial  Theorem. 

The  binomial  theorem  for  positive  ijitegi-al  exix)nents. 

Tlie  XToperties  of  binomial  coefficients. 

Apph' cations  of  the  binomial  theorem. 

Multinomial  theorem. 

Summation  of  series  In'  means  of  the  method  of  finite 
dijfiferences. 

Til.     Theory  of  Determinant. 

Definition  of  a  determinant. 

Elementary  x>ro]ierties  of  a  determinant. 

Minor  determinant,  and  expansion  of  a  determinant. 

Multiplication  of  determinants. 

Application  of  the  theory  of  determinant  to  the  solution 
of  the  simultaneous  linear  equations  with  'u  unknown 
rpiantities. 

YIU.     Th(T)ry  <.f  rrobal)ility. 

Fundamental  notit)n. 

Definition  of  probability. 

Addition  rule  foi-  mutually  exclusive  events. 

Multiplication  rule  for  mutually  independent  events. 

Probability  of  the  concurrence  of  dependent  events. 

Chance  of  event  happening  r  times  in   }<  trials. 

Mathematical  measure  of  expectation. 

Inverse  probability. 

IX-     Theory  of  Nurabere. 

[The  knowledges  of  the  students  concerning  integers, 
which  the^'  have  acquired  in  elementary  and  middle  schcwls, 
Mi-e  isolated  and  have  no    systematic    connection    with    each 
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otlipr.  Despite  tlio  fact  that  tlio  theory  of  imml.ei's  is  rarely 
used  for  practical  purposes,  we  introduce  it  liere  witli  tlie 
object  of  sj'stematizing  the  students'  knowledge  and  making 
them  familiar  with  dediictive  reasoning.  There  is  an  opinion 
that  it  is  advisable  to  teach  the  scale  of  notation  also 
in  this  chapter.] 

Elementary  and  fundamental  properties  of  numbers. 

Determination  of  (f)  (?^). 

Notion  of  congi'uence. 

Elementary  properties  of  congraence. 

Fermat's  and  Wilson's  theorems, 

X.     Simple  Continued  Fractions  and 
Indeterminate   Equati( )ns. 

Projoerties  of  convergents.  [We  may  teach  some  of  the 
theorems  in  sucli  a  way  that  they  can  be  ax^plied  ^^■ith 
slight  modification  to  general  continued  fractions.] 

Periodic  continued  fractions  and  c[uadratic  surd. 

Solution  of  indeterminate  equation. 

Solution  of  ;ir-)-?/-  =  r. 
XT.     (^onvergency  and  Divergency  of  Infinite  Series. 

Notion  of  a  limit. 

Definition  of  convergency  and  divergency  of  an  infinite 
series. 

Necessary  and  sufficient  condition  for  con^'ergency  and 
divergency. 

Tests  of  convergency : — comparison  test.  d'Alembert's 
test.     Cauchy's  test. 

The  series    -  — 

n" 

Alternating  series. 

Definition  of  unconditionally  convergent  series  and  con- 
ditionally' convergent  series, 

PeaiTangement  of  terms  of  a  series.  [Dirichlet's  theorem  on 
the  reaiTangement  of  terms  of  the  convergent  series  with  ptjsitive 
terms,   and   its   extension  to  an   unconditionally    convergent 
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scries.     Some  examples  of  conditionally  convergent  series.] 

8nm  or  difference  of  nncondition:illy  convergent  series. 

Multiplication  of  unconditionally  convergent  series. 

Unconditional  couvergency  of  double  series. 

Binomial  series,  and  binomial  theorem  for  any  index. 

Exponential  and  logaritlimic  series. 

Notion  of  ail  infinte  product. 

XII.     Complex  Number. 

Definition  of  a  complex  number  and  tlie  fundament<il 
operations  in  com^ilex  numbers. 

Argand's  or  Gauss'  geometrical  representation. 

Fundamental  properties  of  complex  numbers. 

I)e  Moivre's  theorem  and  its  applications,  including  the; 
solution  of  binomial  equations.  Convergency  of  infinite  series 
with  complex  terms.  [This  theorem  is  imijoiiant  in  view 
(jf  the  connection  between  exponential  and  circular 
fiuictions.] 

Xm.     national  Integral  Functions. 

[Tlie  chief  (jbject  of  the  following  chaptei-s  is  to  explain, 
on  one  hand,  how  a  numerical  equation  can  be  solved,  and 
on  the  other,  to  give  the  theory  of  rational  integral  functions 
as  a  preliminary  to  calculus.  Algebraic  equations  are  dis- 
cussed systematically  in  such  a  manner  that  it  may  be 
looked  upon  as  a  model  of  S3'stematic  investigations.] 

national  integral  functions  and  their  gi-aphs. 

Derived  functions  and  the  special  case  of  Taylor's 
theorem  in  diffei-ential  calculus. 

Outlines  of  the  continuity  of  rational  integi'al   functions. 

(leometrical  interpretation  of  the  first  derived  function. 

!Maxinaa  and  minima  of  rational  integi'al  functions. 
XIV.     Properties  of  Algebraic  ]-]<|uations. 

The  statement  of  the  theorem  : — every  algebraic  equation 
lias  at  least  one  root. 

Recapitulation  of  tlie  theorem : — If  a  rational  integral 
function  vanishes  for  x  =  a,  then  it  is  divisible  by  x  —  a. 
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Evoiy  algebraic  o<^uatic»u  of  degi'oo  n  lias  n  roots  and  ua 
more. 

Imagiiiarj  roots  of  an  algebraic  equation  wliose  coefficients^ 
are  real,  occur  in  pairs. 

An    algebraic    equation  f[x)  —  o   has    no  real  root,  or  an 

even  number  of  real  roots  between  two  real  numbers  a  and 

h,    if  ./'(«)  andy(6)    have  the    same    sign,   and  the  equation 

has  odd  number  of    real    roots    when    the^y  are    of  opposite 

signs. 

XA\     8jTnmetric  Functions  of  Roots. 

Relation  between  roots  and  coefficients. 

Statement     of     the     theorem : — Every     rational     integral 
symmetric    function    of    roots  can  be  expressed  as  a  rational 
function  of  the  elementary  symmetric  function. 
XA^I.     Tr"ansf  ormation . 

Subtracting  from  the  roots  a  given  quantity. 

Multiplying  the  roots  by  a  given  constant. 

Transformation  into  reciprocal  roots. 

Some  other  transformations. 

[It  would  be  desirable  to  give  some  account  of  the- 
general  linear  transformation.] 

XMT,     Cubic  and  Biquadratic  Equations. 

[Among  the  professors  of  liigher  middle  schools,  there  is- 
one  who  thinks  that  it  would  be  advisable  to  teach  th& 
outline  of  the  theory  of  groups  in  order  to  lead  the  students^ 
into  algebraic  solutions  of  cubic  and  biquadratic  equations 
by  its  aid,  while  there  is  another  who  insists  that  the  lattei" 
subject  ought  to  be  struck  out  from  the  liigher  middle 
school  curriculum. 

We  believe  that  for  the  Ijenefit  of  the  students  the 
algebraic  solutions  of  the  cubic  and  l)iquadratic  etiuations 
should  be  taught,  although  it  may  not  l)e  necessai'j  to  give 
numerical  examples.] 

Algebraic  solutions  of  the  cubic  and  biqiiadratic  equa- 
tions. 
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Solution  of  the  simultaneous  equations  of  the  second 
degree  Avith  two  unknown  quantities. 

Sohition  of  a  cnl)ic  equation  by  the  use  of  trigonometric 
functions. 

XVni.     Properties  of  J3erived  Fmictions. 

Special  form  of  Rolle's  theorem  in  differential  calculus. 

A  multiple  root  of  the  order  m  of  an  algebraic  equation 
is  a  multiple  root  of  the  order  ni  —  1  of  its  derived 
equation. 

XIX.     Separation  of  Roots. 

Theorem  of  Fourier  and  Budaii,  and  Descartes'  rule  of 
signs  as  its  particuhir  case. 

Sturm's  theorem,  and  its  application  to  finding  the 
conditions  of  the  reality  of  the  roots  of  cubic  and  biquadratic 
equations. 

XX.     Solution  of  Numerical  E(]uations. 

Determination  of  rational  roots  of  a  numerical  equation. 

Methods  of  Newton  and  Fourier, 

Bcgula  Falsi. 

Horner's  metliod, 

XXI.     Elimination. 

Elimination  by  symmetric  functions.  [Tliis  method  may 
l)e  considered  as  an  interesting  application  of  symmetric 
functions,  though  it  is  not  well  adapted  for  ]:)ractical 
purposes.] 

Euler's  method. 

Sylvester's  method. 

Bezout's  method. 

Discriminant  of  an  algebraic  equation. 


Analytical  Geometry. 

I.     Object  of  teaching  Analytical  Geometry. 
The  object  chiefly  aimed  at  in  the  teacliing  of  analytical 
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geometry  is  to  make  the  students  fully  understand  the  way 

of  representing  curves  by  means  of  co-ordinates,  teaching  at 

the  same  time    the    principal  properties  of   conic  sections. 

II.     Topics  of  Teaching  and  our  View 

concerning  them. 

The  projective  properties  of  conic  sections  are  very 
interesting,  Imt  in  the  elementary  part  of  analytical  geometry 
we  ai'e  chiefly  concerned  with  their  quantitative  properties.  In 
higher  middle  schools  we  coniine  ourselves,  with  a  few 
exceptions,  to  the  most  important  of  tlie  quantitative  proper- 
ties. 

The  idea  of  direction  cosines  is  generally  introduced  for 
the  first  time  in  solid  geometry,  but  it  would  be  better,  we 
believe,  to  introduce  it  in  tliat  part  of  plane  analytical 
geometry  where  straight  line  is  treated,  and  later  to  extend 
it  to  tlu'ee  dimensions. 

To  give  to  the  area  of  a  triangle  a  sense,  either  positive 
or  negative  according  to  the  order  in  which  we  take  its 
sides,  is  convenient  in  view  of  applying  it  later  to  differential 
;ind  integral  calculus. 

A  certain  j)i'of6ssor  is  of  the  opinion  that  it  would  be 
Ijetter  to  introduce  one  more  chapter,  in  order  to  examine 
the  nature  of  different  surfaces  represented  by  the  general 
quadi'atic  equation,  and  to  find  the  condition  that  it  may 
represent  any  x^'T-rticular  kind  of  surface.  Ilowever  desirable 
this  may  be,  it  was  decided  not  to  adopt  that  opinion, 
owing  to  the  limitation  in  available  time. 

Tangent  plane  and  normal  are  to  be  given  Avithiji  tlie 
course  of  differential  calculus. 

ANALYTICAL  GEOMETPtY. 

I.  Representation  of  a  Point  by  Co-ordinates. 

Cartesian  co-ordinates  (rectangiilar  as  well  as  oblique), 

ixjlar  co-ordinates. 

Transformation  of  a  system  of  co-ordinates  into  smother. 
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Caiiesian    co-ordinates  of  tho  point  which  divides  the 
segment  between  two  fixed  points  in  a  given  ratio. 
The  disfaince  between  tAvo    given  ]X)ints   expressed  by 
their  co-ordinates  in  rectangular  and  oblique  Cai-tesian 
systems. 

The  area   of  the  triangle  foi'med  by  the  lines  joining 
three  given  points,  and  its   ex^Jression  in  the  form  of 
a  determinant. 
U.         Sti'aight  Line. 

The  locus  represented  by  an  equation  and  the  equation 
of  a  curve. 

Any  linear  equation  in  Cartesian  co-ordinates  represents 
a    straight  line,  and  conversely  every   straight  line  is 
represented    by    a    linear    equation     in    Cartesian    co- 
ordinates. 
Various  forms  of  the  equation  of  a  straight  line. 

a)      _  +  Y-  =  l. 
<i        b 

h)     1  X  +  ui  y=p. 

c)     Parametric  equation  of  a  straight  line  : — 

X =x^-\-l  r,      ?/  =  //[  +  m  r. 
(J)     y  =  mx-x-h. 

c)     The  equation  in  the  form  of  a  determinant, 
/■)     Efjuation  of   a  straight    line    referred  to  x^olar  co- 
ordinates, p  cos  (  d  —  a)  =j). 
The  angle  between  two  straight  lines  whose  equations 
are    given  in   Cartesian    co-ordinates,    the   axes   being 
rectangular  or  oblique. 

The  condition  of  parallelism  and  ^perpendicularity. 
Length  of  the  jierpendicular  let  fall  from  a  point  uix)n 
a  straight  line. 

The    equation    to  a  straight  line  passing  through  the 
intei-section  of  two  straight  lines. 

The  equation  to  the  bisector  of  tho  angle  between  U\o 
given  straight  lines. 
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m.       Transfornmtion  of  Co-ordinates. 
Parallel  ti'ansformatiou. 

Transformation      of      co-ordinates      'wJien     the      axes 
(orthogonal)  are  tiirued  round  the  origin. 
Transformation     from    oblique    co-ordinates    into    rec- 
tangular and  I'ice  versa,  the  origin  and  x  axis  remain- 
ing the  same. 

IV.  Geometrical  Applications. 

Solution  of  several  geometrical  problems  for  the 
illustration  of  the  application  of  analytical  methc)ds. 

V.  The  Circle. 

The   equation  to  a  circle   referred  to    rectangular    and 
oblique  axes  derived  from  its  definition!. 
Parametric  equation  of  a  circle : 

x  =  r  cos  d,     y  =  r  sin  6. 
Equation  to  a  circle  refeiTed  to  polar  co-ordinates  : 

,o^  —  2  p  a  cos  (^  —  «)  -f  a-  =  r. 
Equations  to  the  tangent  to  a  circle  : 

(1)  xx,-^yy,  =  r\ 

(2)  X  cos  6  +  y  sin  6  =  r, 

(3)  y  =  m  X  +  /•  Vl  +  rir. 

The  equation  to  the  circle  passing  tluxmgh  two  ^xjints 
of  intei'section  of  two  given  circles. 
Radical  axis  for  two  circles. 
Radical  centre  for  three  circles. 

VI.  General  Equation  of  the  Second  Degree. 
Determination  of  the  co-ordinates  of  the  centre  of  the 
curve.     Classification  of  conies  into    central    and  non- 
central  . 

Condition  that  the  equation  of  the  second  degi'ee  re- 
presents two  straight  lines. 

[In  tliis  chapter,  up  to  the  preceding  article,  it  has 
been  so  treated  that  the  discussion  is  api)licable  to 
both  rectangular*  and  oblique  co-ordinates,  but,  in  the 
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following,  it  will  Ije  confined  to  the  case  of  rectangular 
co-ordinates  alone.] 

Elimination  of  the  term  involving  x  y  by  turning  the 
axes  of  co-ordinates  by  an  angle  lo. 
Normal     form    of    the    equation    to   a    central    conic 
refeiTed  to  its  principal  axes. 

Distinction  Ijetween  the  ellipse  and  the  hyperbola. 
Transformation  of  the  equation  of  a  non-central  conic 
into  its  normal  form. 
Vn.      Central  Conies. 

Parametric  equation  io  the  ellijise : 
^  =  rt  cos  6,     u  =  h  sin  6. 
AuxiHary  circle  and  eccentric  angle. 
Orthogonal  projection  of  a  circle  upon  a  plane  neither 
parallel    nor  perpendicular   to    the  plane  of  the  circle 
is  an  ellipse. 

[We  have  introduced  this  theorem  here,  for  it  is  very 
important  and  useful  and  can  easily  be  proved.] 
Equation  to  the  ellipse  refeiTed  to  polar    co-ordinates, 
centre  being  the  pole. 
Eccentricity. 

Hyperbola  and  its  conjugate  hyperbola. 
Parametric     equation     of     the    hyperbola,     and     the 
eccentric  angle. 

Equation     to     the     hyperlx)la    refeiTed    to    jwlar    co- 
ordinates, the  centre  being  the  pole. 
Eccentricity. 

Tangent  and  normal  to  a  central  conic  at  a  ][x)int  on 
the  curve. 

(2)  X  cos  a  +  ?/  sin  «  =  -y/ d-  cos'^  o.±}r  sin'  ff , 

(3)  y~mx±Vnrd^±:b\ 

Equation    to    a    pair    of    tangents    from    a  point  to  a 
central  conic. 
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Properties  of  ix)le  jind  pilar. 

Definition  of  foci  and  directrices  of  a  central  conic. 
The  distance  of  any  point  on  the  curve  from  the 
focus  bears  a  constant  ratio  to  its  distance  from  the 
corresponding  directrix. 

The  sum  (or  difference)  oi  the  distances  of  any  i^oint 
in  an  ellipse  (or  hyperbola)  from  the  foci  is  constant. 
In  the  ellipse  the  normal  bisects  the  interior  angle 
Ijetween  the  focal  distances,  and  in  the  hyperljola  the 
exterior  angle  ;  and  the  focal  radii  make  equal  angles 
with  the  tangent. 

Polar    equation    to    a    central    conic,    the   focus  Ijeing 
the  pole. 
Confocal  conies. 

Conjugate  diameters ;  the  equation  t(3  a  central  conic 
I'cfeiTed  to  its  conjugate  diameters. 
In  the  ellipse  (or  hyperbola),  the  sum  (or  difference) 
of  the  squares  of  any  two  semi-conjugate  diametere  is 
equal  to  the  sum  (or  difference)  of  the  square  of  the 
semi- axes. 

All  parallelogi'ams,  whose  sides  are  formed  by  straight 
lines  passing  through  the  extremities  of  one  of 
conjugate  diameters  and  parallel  to  the  other,  are 
equal  in  area. 

Asymptotes;  the    equation    to    the    hyperbola  referred 
to  its  asymptotes. 
ym.    Parabola. 

lyquatious  of  a  tangent : 

//  !/'  =  '2d  (.V  +  .r' ) ,     i/z=i,t  ,c+  — 

III 

Pole  and  p^lar.     The  pair  of  tangents  di'aAvn  from  a 

]X)int  to  a  paraljola. 

The    locus    of    the   ^wint  from  which  two  tangents  at 

right    angles    to    each    otli(?r    can    b(;    drawn,     is    the 

directrix.     Defiiiition  of  focus. 
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The    tangent    at    any  point  makes  eqnal  angles  Avitli 

the  focal  distance  of  the    point    and    the    line    drawn 

tlu'ough  it  parallel  to  the  axis. 

Polar   equation    to    the  parabola,  the  focus   being  the 

pole. 

The    equation    to    the  par{il)ola  referred  to  a  diameter 

and  the  tangent  at  its  extremity. 


SOLID  GEOMETrtY. 

I.  Co-ordinates. 

Cartesian  and  j^olar  co-ordinates  of  a  ix)int. 
The     distance     between     two     points,     expressed     in 
Cartesian  co-ordinates. 

The  co-ordinates  of  a  point  which  divides  the  straight 
line  joining  two  given  ^xnuts  in  a  given  ratio. 
Direction  cosines,  and  the  angle  between  two  straight 
lines. 

Theorems  concerning  oiihogoual  projection :  the 
algebraic  sum  of  the  orthogonal  projections  on  a 
given  line  of  a  series  of  lines  joining  two  points  is 
equal  to  the  oiihogonal  projection  of  the  straight  line 
joining  them,  due  regards  beiug  had  to  giving  proper 
signs.  The  area  of  the  oi-thogonal  projection  of 
a  triangle  on  a  plane,  is  equal  to  the  area  of  the 
triangle  multiplied  1)V  the  cosine  of  the  angle  be- 
tween the  plane  of  the  triangle  and  the  given  plane. 

n.        Plane  and  straight  line. 

[It  is  to  be  explained  that   a   single  equation  in  x,  y 
and    z    rei^resents     in   general  a  surface,  and  the  two 
equations  in  x,  y  and  ."  a  curve  in  space.] 
Direction    cosines    of  a  x)lane  and  the  equations  of  a 
plane. 

{a)     Ax  +  ny+Cz  +  D  =  o, 
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^  -'      a       b       c         '  >  ■ 

[<A     I X  +  III  y  +  n  %  =p. 
The  distance  of  a  point  from  a  plane. 
Volume    of    the    tetrahedron    formed    by    four    given 
]>oints,  and  the  equation  of   a    plane    in    determinant 
f(jrm. 
Eqiiations  of  a  straight  line  : 

x-x^       y-y,        z-z, 


(«) 


(^>) 


I  m. 

x-x,        y-y, 


x.-x,      y-i-y,       z,-z, 
(c)     AyV4-  B^y  +  C\z  ^  D^  =  o  and 

A^c  +  B,y+C^+n,  =  o 

The  angle  between  two  planes,  and  the  conditions  of 
their  parallelism  and  x>erpendicularity. 
Tlie    shortest    distance    between    two    non-intersecting 
lines. 

Transformation  of  co-ordinates. 
]II.       Surface  of  the  Second  Degree. 

formal  f(jrnis  of  the  ecjuations    of    the    ellipsoid,    the 
hyperboloids    of    one    sheet    and    of    two    sheets,    the 
elliptic  paraboloid  and  the  h3'|)erbolic  paraboloid. 
Cone  and  c^dinder. 

Proof    of    the    theorem    that    the    section    of    a    right 
circular    cone    l)y   a  ])lane,  is  in  general  a  conic,  mid 
the  section  of  a  riglit  circular  cylinder  is  an  ellipse. 
[Tangent    ^^^^.ne    and    normal    to    a    surface    are    to    1x3 
taught    witliin    the    course    of    difierential    calculus,    as  they 
furnish  an  excellent  example  of  the  applications  of  differential 
calculus  to  geometry,  and  as,  more(jver,   it    would    be    some- 
what difficult  to  discuss  theni  without  tlie  aid  of  differential 
calculus.] 
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Diflferential  and  Integral  Calculus 

Although  the  differential  calcuhis  can  be  most  elogantl>^ 
treated  by  the  sole  use  of  differential  coefficients  to  the 
exclusion  of  that  of  infinitesimals,  the  notion  of  the  latter  is 
indispensable  in  such  problems  as  are  connected  with 
applied  mathematics.  No  course  on  differential  calculus  can 
ever  lie  considered  as  perfect,  unless  infinitesimals  are 
introduced  or  even  exteusivel3'  made  use  of.  By  so  doing 
logical  strictness  may  l)e  impaired  more  or  less,  but  the 
advantage  to  lie  gaiued  more  than  comx^ensates  this  draw- 
back, by  enabling  the  students  to  be  ready  to  proceed  to 
solve  any  problem  in  such  a  manner  as  promises  to  lie 
most  effective  and  successful. 

The  theory  of  calculus  should  uot  be  given  in  such  a 
form  that  recalls  a  rule  of  thumb,  and  that  may  result 
in  presenting  the  calculus  as  a  merely  mechanical  manipula- 
tion of  symbols.  At  the  same  time  it  is  equally  undesirable 
to  go  to  the  other  extreme  of  elaborate  treatment  running 
into  hair-splitting  details.  In  many  cases  gi'aphical 
interpretations  and  explanations  are  very  much  more  to 
be  preferred  than  confusing  and  incomprehensible  analytical 
treatment. 

It  would  be  hardly  necessary  to  add  that  throughout  the 
whole  course  of  calculus  every  opjiortunity  should  lie  takeii 
advantage  of,  to  bring  it  in  contact  with  physics  and  other 
branches  of  mathematics. 

I.     Function  of  a  Single  A'ariable. 
1.      Variable  and  function. 
Continuous  Anriation  of  a  real  ^aiiable. 
Definition  of  a  function  of  a  real  variable. 
Definitions    of    one-valued  and  many-valued    functions ;    ele- 
mentary   algebraic    and     transcendental     functions ;    explicit 
and  implicit  functions ;  inverse  functions. 
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Graph  of  a  function.     Gniph  of  olemontary  functionsi. 

2.      Limit. 

Limiting  value  of  a  variablo. 

Limiting  ralno  of  a  function. 

Limits    of     the     sum,    difference,    product    and    quotient  of 

functions. 

Sj)ecial  limiting  values : 

x"'—a'"  (        IV  sin« 

Lim — ; =  ma"'  ^,Limll-h  — J  =e,  Lim — ;-; —  =  1. 

3.      Continuity  of  functions. 
Continuitj'  of  a  function  at  a  point. 
Continuity  of  a  function  in  an  interval. 
[Tliis  is  limited  to  the  case  of  a  closed  interval.] 
Theorem.     If  /(x)  is  continuous  in    an    interval    [rr,  h),   and 
y(«)    and  f{J>)  have  opposite    signs,    then  /'(.>:)  vanishes    for 
some  value  of  x  Ij'ing  between  a  and  b. 

[The  proof  of  tliis  theorem  may  better  be  omitted,  and  some 
gi-aphical  explanations  given    instead.] 

Cor.     A  continuous    function  takes  any  value  lying  between 
any  two  of  its  values. 

Continuity    of    the    sum,    difference,  product  and  quotient  of 
continuous  functions. 

Continuity     of     the    continuous    fiuiction    of    a     continuous 
function. 

Continuity  of  elementary  functions. 
Examples  of  discontinuous  functions. 

4.     Infinitesimals. 
The  notion  of  infinitesimals.     Order  of  infinitesimals. 
Some  mathematical  and  physical  examples. 

5.      Differentiation. 
Definition  of  derivatives. 

Geometrical    meaning    of    the    derivative  of  a  function. 
Differentials. 

Differentiation    of    the    sum.  difference,  product  and  quotient 
of  functions. 
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Differentiation  of  the  function  of  a,  function. 

Differentiation  of  inverse  functions. 

Ptelation  of  tlie  change  of  the  vahie  of  a  function  to  the  sign 

of  its  derivative. 

Rolle's  theorem. 

[This  theorem  is  explained  by  the  aid  oi  grax^h.] 

Mean  vahie  theorem. 

(5.     Successive  differentiation. 
Successive  derivatives. 
Theorem  of  Leibnitz. 
n*"'*  derivatives  of  certain  functions. 

Determination      of     f^"'  (o)       "by      means      of      difierential 
equations. 

Successive  differentiation  of  the  function   of   a  function. 
Dependency    of    the   sign  of  /"  (x)  with  the  convexity  and 
concavity  of  a  curve  y=/{x).     Point  of  inflexion. 

7.      Taylor's  theorem  and  expansion  of  functions. 
Taylor's  and  Maclaui'in's  theorems.     Lagi-ange's  and  Cauchy's 
forms  of  the  remainder. 

Expansion    of     functions    r'',  sin  a-,  cos.t,    (l  +  .r)"'  l'^g(l  +  ^)' 
arctg  (x)  into  jwwer  series  of  x. 

Expansion    of    a    function    by    means    of    indeterminate    co- 
ef^cients. 

8,      Indeterminate  forms. 
Evaluation  of  indeterminate  forms. 

IT.     Function  of  ]Many  Variables. 
Definition  of  a  fiiuction  of  two  or  more  variables. 
Limiting  value  of  a  function. 
Continuity  of  a  fucction  at  a  point. 
Continuity  of  a  function  in  a  domain. 

Statement     oi     theorems     concerning    the    continuity   of    a 
function. 

First  partial  derivative. 
Geometrical     meaning    of     tlie     first     partial    derivative     of 
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a  function  of  two  variiibles. 

Totiil    derivative    and    total     differential.      (n.'t)metiical    and 

physical  examples  on  total  derivative  aud  total  differential. 

Successive  partial  deiivatives. 

Change  of  the  order  of  differentiati(jn. 

Change  of  independent  variables. 

Differentiation    of    a    comiX)site    and    an    implicit   function. 

Tnvlor's  theorem. 

ni.     Maxima  and  Minima  of  Functions. 
Maxima  and  minima  of  a  function  of   a  single  variable. 
Maxima  and  minima  of  an  implicit  function. 
Maxima   and   minima   of  the  ianciion  /(.c,//),  whei'ein  .'•  und 
!l  are  connected  by  a  functional  relation. 
Maxima  and  minima  of  a  function  of  two  variables. 
^Method  of  indeterminate  coefficients  for  finding  the  maxima 
and  minima  of  a  function   of  several  variables  connected  by 
some  functional  relations. 

I^^     Application  of  Differential  Calculus  to  Geometry. 
Tangent  and  iiormal  in  rectangular  and  polar  co-ordinates. 

Ex.    Ellipse,  astroid,   catenai'y,    inverse     curves,    lima9on 
(elliplic    and     hypci'bolicj,     cardioid,      lemniscate    of 
Bernoullil. 
Asymptote. 

1.  Two  kinds  of  definition. 

2.  Kelation  between  the  tw()  definitions. 

.3.     l^etermination  of  asymptotes,  paiiicularly  of  those  of 
algebraic  curves. 

4,  Coincidence    of   the    two    definitions  in  the  case   of 
;  Jgebraic  curves . 

5.  Curvilinear  asj'mptote. 

Ex.  Hyper lx)la,  folium  of  Descartes,   sti'oplioid, 

y'  =  ax^  +  :c\  f-xy-=a  (x- +  //-),    ij  — -, 


//  —  o  x  +  />  +  — '■ '—,  1  ly  i^Kirboli  c  spiral . 
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Coiivexitj  and  concavity  of  a  curve.     Point  of  inflexion. 
1-x 
Ex.      y—  -I   .  ,  .i ,  cal)ic  parabola. 

Relation  of  two  carves  at  their  common  jwint. 

Definition  and  geometrical  meaning  of  the  order  of  contact. 

Multiple   points. 

1.  Double  point,  triple  jioint,  etc. 

2.  Determination  of  multiple  points  of  algebraic  curves. 
Ex.    Lemniscate  of  Bernoulli,  ?/'  =  (x  —  a)  [x  —  ?>)  (x  —  c) . 

Envelope.     Locus  of  double  points  of  a  s^ystem  of  curves. 

Ex.     x\stroid,  strophoid. 
Length  of  arc.     Angle  of  contingence. 

Radius    of    curvature.      Osculating  circle  and    centre  of  cur- 
vature. 

Ex.     Ellipse,  parabola,  spiral  of  Archimedes,  catenary. 
Evolute  and  involute. 

Ex.     Ellipse,  parabola,  cj'cloid,  involute  of  a  circle. 
Curve  tracing. 

Ex.     Epicycloid,    hy]X)cycloid,    epiti'ochoid,    hypotrochoid, 
conchoid    of    Nicomedes,     x*-}-x/f+ //*=x  {o.v-  —  l)ff-), 
fC'if  =  hx*  +  x^. 
Graphic  solution  of  an  equation. 
Surface  and  space  curve. 

1.  Equation  to  right  helicoid,  cylinder  and  cone. 

2.  Tangent  plane  and  normal  to  a  surface. 
'S.     Space  curA'e. 

Ex.     Hehx. 
4.     Tangent  line  and  osculating  plane  to  a  space  curve. 

INTEGRAL  CALCULUS. 

I.     Indefinite  Integi'al. 
Definition  of  indefinite  integral. 

[The    term    "  integrand "    to    be    used    for  the    sake  of  con- 
venience.] 
Elementary  integi-als  of  fundamental  im^wrtance. 
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Methods  of  intogration  :  — 

(a)     integi'ution  of   a  fimctiou    by    deconnK)sing    it    Into 
the     Slim    of  the      fiiuctions     whose    integi'als     arc 
known, 
{h)      integration  by  substitution, 
(c)      integration  Iw  parts. 
Integration  of  various  kinds  of  fiuictions  : — 

(1)  integration  of  rational  functions, 

(2)  integi'ation  of  some  irrational  functions, 

(3)  integration    of   the    following     transcendental    func- 
tions, 

/  .1'"'  (log  .T )"  (Ix,     I  x"  cos  X  d  X,     I  x"  sin  x  d x, 
sin"'  X  cos"  X  d  x,    i  c"-^  cos"  x  d  x. 


j  sin"'  X  cos"  X  d  x,    j 


II.     Definite  Integral. 
Definition  of  definite  integi'aL 

[Definite     integivation     to     be     defined     as     summation,    the 
limits  being  finite,  and  the  existance  of   definite   integral    to 
be  expLiined  by  means  of  the  area  of  a  curve.] 
Calculation    of    definite    integivil    directly   from  its  definition, 
for  example, 

x'dx,     I    (^'dx,    j    Huixil x,eic. 

a,  J  a  J  a 

Approximate    integration : — tra^Jezoidal    rule    and    simpson's 

method. 

Definite  integi'als  whose  indefinite  integi'als  are  known. 

Theorems  on  definite  integi'als : — 
(a)     interchange  of  limits, 

(h)     decomposition  of  the  interval  of  integration, 
(c)     cliange  of  the  variable  of  iutegi'ation. 

A  special   case  of   the   first   mean  value   theorem   in  int(^gral 

calculus. 

Elementary  defuiite  integrals  : — 
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TT  IT  T 

a  Jo  Jo  Jo 

in  M'liicli  III  and  n  are  x^sitive  integers. 

Extension  of  the  meaning  of  definite  integi'al  to  tlie  integi-nl 

"svlio.se  limits  are  infinite. 

in.     Quadrature  of  Plane  Curves. 
(Quadrature     of    plane    curves    in    rectangulai-    and    oblique 
co-ordinates. 

Ex.     Ellipse,  circle,  hyperbola,  parabola,  and  c^ycloid. 
Qudrature  of  x^lfi-iie  curves  in  jx)lar  co-ordinates. 

Application      to      the      foUum     of     Descartes,     paraliola 

(  r= ).  lemniscate  of  Bernoulli,  cardioid. 

V  l  +  COHdJ 

Quadrature  of  plane    ciu'ves    whose    equations    are    given    in 
parametric  representation . 

Application  tt)  an  ellipse  given  b}^  the  equations 
1  ft 


V  a-^2hfji  +  h/ji'-'     '       V  a  +  2  l.  u  +  b  jr 
in  ^vhicll  oli  —  lc-^o  nnd  (i>o. 

IV.     Rectification  of  Plane  Curves. 
Rectification  of  plane  curves  in  rcctangubir  co-ordinates. 

Ex.     Circle,  parabola,  astroid,  and  catenary. 
Rectification  of  ]ilane  curves  in  polar  co-ordinates. 

Ex.     Parabola //•  = ),    lemniscate    of    Bernoulli 

V        1  +  cos^/ 

{r  =  a-  cos  2  6'). 

[The  term    "  the    elliptic    integi'al    of   the  first  kind "   to  be 

here  introduced.] 

Rectification     of     i^lane    carves    represented    by    parametric 

equations. 

Ex.     Cj'cloid,  astroid,  and  ellipse. 

[The  term    "  the    elliptic  integi-al    of    the    second    kind "   to 

1k)  introduced  on  this  opix)rtunity]. 

Y.     Cubature  of  Solids. 
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Cubatiu'c  of  M  solid,  the  area  of  its  section  hy  a  piano 
being  given  as  a  function  of  its  distance  from  a  given 
pLme. 

Ex.     Sphere,     cone,     elliptic     parabc>loi(l,     ellipsoid    and 
lijix^rlioloid  of  one  slieet. 
Cubaturo  of  a  solid  of  revolntion. 

Ex.  Solids  of  revolntion  ol>tained  by  rotating  paraboLa, 
asti"oid  round  the  axis  of  x,  and  cycloid  ronnd  its^ 
base. 

YI.     Complanatioii  ot"  the  Surface  of 
He  volution. 
Complanation  of  the  surface  of  revolution. 

Ex.     Spherical    zone,    the  surfaces  of  revolution    ol^tained 
b}'  rotating  parabola  y-  =  22'>x,  astroid  round  a'-axis,. 
and  cycloid  round  its  base. 
VII.     Integration  and  Differentiation  of  Infinite 
Series. 
Definition  of  the  unifonn  convergence  of  an  infinite  series. 
Uniform  convergency  of  a  ]X)wer  series. 
Continnity  of  uniformly  convergent  series. 
Litegi'ation  and  differentiation  of  series. 
Deduction  of  the  expanded    form    of  arcsin  v   hy   integi'atio]:i 

from  the  expansion  of      . 

Integration  of  the  elliptic  integral 

(?4> 


£ 


]\y  expansion. 

A'lII.     Double  and  triple  Integi'als. 
Definition  of  double  integral. 

Finding  of  double  integi-al  l^y  two  successive  single  integin- 
tions. 
Division  of  the  domain  of  integi'ation, 

(«)     into  the  series  of  eleraentar}'  rectangles,  whoso  sides 
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jiie  parallel  to  the  axes  of  co-ordinates, 
(h)      into  the  series  of  elementary  areas  bounded  by  con- 
centric  circles,    and    straight    lines    passing  through 
the  origin  of  co-ordinates. 
Applications  of  the  above  method    to  the    cubature    of    a 
solid  and  to  the  complanation  of  a  surface. 
Definition  of  triple  integi-al. 

Finding  of  triple  integral  by  three  successive  single  integra- 
tions. 
Division  of  the  domain  of  integi-ation, 

(«)     into  the  series  of    elementary  rectangular  parallelo- 
pipeds,  whose  faces  are  parallel  to  the  planes  of  co- 
ordinates. 
(h)      into    the    series    of   elementary  volumes    formed   by 
concentric   spheres,  x)lanes   passing  through  s  — axis, 
and  right  circular'  cones  having   a  — axis  for  its  axis 
and  the  origin  of  co-ordinates  for  its  vertex. 
Application :     The    cubature    of    a    solid,    the    centre    of 
mass,    the    moment    and  the   moment  of   inertia  of  a 
surface  and  of  a  solid. 


The  Course  of  Mathematics 

in 

the  Third  Department. 

DsTPtODUCTOEY  REMARKS. 

Ill  liiglier  middle  schools,  there  are  students  whose 
intention  is  to  (niter  the  Faculty  of  Medicine  of  the  Im- 
perial University.  They  are  collected  together  in  the  gioup 
designated  l)y  the  name  of  the  Third  J3epartment.  The 
numl)er  of  hours  allotted  to  the  teaching  of  mathematics  in 
the  third  department  is  considerably  less  than  the  correspond- 
ing numher  in  the  second  department ;  namely,  3  hoiu's  a 
week  in  the  fii-st  year,  2  hoiu-s  a  week  in  the  second  jeai; 
and  tlius,  in  total,  about  160  hom's.  They  are  distributed 
in  the  following  manner  as  regards  the  study  of  tiigonometry, 
algebra,  analytical  geometry,  and  calculus : — 

for  trigonometry'  and  algebra,    about    40  Iw^urs  in  the 
first  year, 

for    analytical    geometi'y,    alM)ut    5(3    hom's  in  the  first 
3'ear, 

for    differential   and    integral  calculus,  about  Gi  hom"S 
in  the  second  year. 
Tcxt-lxjoks  at  present  in  use  are  the  following  : — 

Kanibly — Die    Elementar-Mathematik    HI.     (Ebene    und 

spharische  trigonometiie.) 
Todhmidter — Plane    Trigonometry  for    the  use  of  colleges 

and  schools. 
Ivambly — Die  Elementar-Mathematik   I    (Aritlunetik    and 

Algebra.) 
Smith — A  treatise  on  Algebra. 
Sammlung  Goschen :     Hohere  Analysis  I    und    II.     (Dif- 
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ferential  nnd  Iiitegi-alrechiiung.) 

PLANE  TrjG()N(^:MKTPtY. 

Circular  measure  of  an  angle. 

Trigonometrical  ratios. 

Fonnulro  for  the  trigonometrical  ratios  of  the  sum  (tr  difference 

of  two    angles,    and    various    formulre    deducible    from    them. 

Formulas  for  the  division  of  angle. 

Kelation    between    the    sides    and    trigonometric  ratios  (»f  the 

angles  of  a  triangle. 

Logarithm.      Definition    of    logarithm,    and    its     fundamental 

properties.     Use  of  logarithmic  and  trigonometric  tables. 

Solution  of  triangles. 

Solution  of  ti'igonometric^  equation. 

Liverse  circular  functions. 

ALGEBPtA. 

Review    of    the    solution    of    quadratic    equation,  permutation 
and  combination,  taught  at  middle  schools. 
Inequalities.     Fundamental  theorems  on  inequalities. 
Decomposition  of  rational  fraction  into  partial  fractions. 
Binomial  theorem  for  jx)sitive  integi'al  exponent. 
Convergency  and  divergency  of  an  infinite  series. 

Notion  of  a  limiting  value.  Definitions  of  convergence' 
and  divergency  of  an  infinite  series.  Theorems  concerning 
the  test  for  determining  the  convergency  or  divergenc}* 
of  fi  series  : 

(''')     bj'  comparing  each  term    of  a    series  with  corres- 
lK>nding  term  of   another  series,  whose  convergency 
or  divergency  is  known, 
(/>)     l)y     examining    the    ratio     of    each   term    to    the 

preceeding. 
Theorems  for  the  test  of  tlie  convergency  or  divergency 
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of  a  series,  whose  terms    are  alternately  jjositivo    and 
negative. 
Convergency  of  some  power  series. 

.   ANALYTICAL  PLANE  GEOMETRY. 

L     Representation  of  a  Point  by  Co-ordinates. 

Rectangnlar     Cartesian     co-ordinates     and     ix)lar     co- 
ordinates. 

Cartesian  co-ordinate ■;  of  the  point  which  divides  the 
segment  lietwcen  two  given  points  in  a  given  ratio. 
Distance  between  two  given  jx)ints  expressed  liy  their 
co-ordinates,  the  axes  being  rectangnlar. 

n.     Straight  Line. 

Any  linear  equation  in  Cartesian  co-ordinates  represents 

a  straight  Une,  and  vice  versa. 

Various  forms  of  the  equation  to  a  straight  line  : 

o)     i  +  f  =  1. 
a       ft 

h)     X = i\  +  /  7 •  and  y  —  y^-\-iii  > ■, 

c)  l:c+my=2>, 

d)  y=m,x  +  h, 

e)  the  equation  of    a   straight   line  referred  to 
polar  co-ordinates. 

Angle  between  two  straight  lines,  whose  equations  are 
given  in  rectangular  Cartesian  co-ordinates. 
Condition  of  parallelism  and  perpendicularity. 
Length  of  the  perpendicular  let  fall  from  a  jxiint  upon 
a  straight  line, 

Sohition    of    several    prolilems   for    the    illustration    of 
the  applications  of  analytical  method, 
in.     Ciide. 

Equation  to  a  circle  refeiTed  to  rectangular  axes. 

Polar  equation  to  a  circle. 

Equation  of  a  tangent  to  a  circle  :     xXy-{^  y  ?/i  =  /•'. 
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VI.     Centifil  Oiiiics, 

Definition    of    the     ellipse,     and     its    equation.     [We 

define  an  ellipse  as  the  locus  of    a  ix)int,    the  sum  of 

whose  distance  from  two  given  points  is  constant.] 

Centre  and  diameter  of  the  ellipse. 

Polar  equation  to  the  ellipse  referred  to  its  centre. 

Definition      of      the      hyperbola,     and     its     equation. 

[Hyj^erbola    is    defined    as    the    locus    of  a  jxjint,  the 

difference  of  whose  distances    from    two    given    points 

is  constant.] 

Centre. and  diameter  of  the  hyperbola. 

Polar    equation    of    the    hyperbola    with  its  centre  for 

the  origin. 

Equation  of  a  tangent  to  a  central  conic : 

Asymptotes,  as  the  tangents  at  infinity. 
Definitions    of    the    foci    and    directrices  of  the  ellipse 
and  hyperbola. 

The  distances  t(j  a  focus  and  the  corres^XDnding 
directrix  from  a  point  on  a  central  conic,  are  in  a 
constant  ratio. 

Focal    radii  to  a  ]^)oint  on  a  central  conic  make  equal 
angles  with  the  tangent  at  that  point. 
V.     Parabola. 

Definition  of  the  parabola,  and  its  equation.  [We 
define  a  paralx)la  as  the  locus  of  a  point  whose  dis- 
tances from  a  given  j^x^int  and  a  given  line  are 
equal  to  each  other.] 
Definition  of  the  focus  of.  the  parabola. 
Equation  of  a  tangent  to  a  parabola  :  y  y^  —  2  d  [x  +  x^). 
The  tangent  at  any  i^X)int  on  the  curve  makes  ecpial 
angles  with  the  radius  vector  to  the  point  from  the  focus 
and  the  line  drawn  through  it  parallel  to  the  axis. 
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ANALYTICAL  SOLID  GEOMETRY. 

I.     Co-ordiuates. 

Rectangubir    Cartesian    and    polar    co-ordinates    of    a 

point. 

The    distance  between  two  given  points,  expressed  in 

Cartesian  co-ordinates. 

Tlie     co-ordinates     (^f     a     point     wliicli     divides     the 

sti-aiglit    line    joining    two    given    points    in    a    given 

ratio. 

Du'ection  cosines,  and  the  angle  Ijetween  tw(j  straight 

lines. 
n.     Plane  and  straight  Line. 

Equation  to  a  plane : 

a       b        e 
(h)     Ax  +  ny+Cz  +  B  =  o. 
Equations  to  a  straight  line  : 

(a)     -c-^'i  __  y-.'/i  __  ^--^1  ^ 

I  III  II 

{!>)     AyX-rB^y-i-C\z  +  I)i  —  o  and 

Angle  between  two  planes. 
m.     Smfaces  of  the  Second  Degree. 

Definition  of  a  sphere,  and  its  equation. 

Ellipsoid,  hyperljoloid  of  one  sheet  and  of  two   sheets, 

elliptic  and  hypcrljolic  paralx)ids. 
[The  order  of  treatmeiit  we  follow  in  this  case  is  exactly 
the  of)posite  to  that  adopted  in  Aldis'  elementary  treatise  on 
solid  geometry.  Thus,  we  define,  in  the  first  place,  ellipsoid, 
h^'perboloid  of  one  sheet  and  of  two  sheets,  kc,  bj'  their 
equations,  and  then  proceed  to  find  their  sections  by  a  plane 
parallel  to  the  axes.] 

Definitions    of  right  circular    cone    and    cj^linder,    and 

their  equations. 
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DIFFERENTIAL  AND  INTEGRAL 
CALCULUS. 

]  )iiferential  C: i1  cul  us , 

I.     Intioduction. 

Definition  of  n  function  mid  variable. 

Limiting  value  of  a  function. 

Theorems  on  limits  : 

(V^)     limit  of  the  simi  or  difference  of  two  functions, 
(/>)     limit  of  the  product  of  two  functions, 
(r)     limit  of  the  quotient  of  two  functions. 

The  limit  of  ('l  +  J-y  for  x  =  y:  . 
The  limit  of  - — ^  for  x  =  o. 

X 

On    the    continuity    of    a.    function    and    the    gi'aphic    repre- 
sentation of  a  function. 
Infinitesimals. 

n.     Derivatives. 
Definition  of  derivatives. 

Geometi'ical    interpretation    of  the  derivative  of  a  function  by 
means  of  the  gi'aph  of  the  function. 
Differential. 
Theorems  concerning  differentiation  : 

(o)     differentiation  of  the  sum  or  difference  of  two  func- 
tions, 

(h)     difierentiation  of  the  product  and  quotient  of  two  fmic- 
tions. 
Differentiation  of  the  fimction  of  a  function. 
Differentiation  of  an  inverse  f miction. 
Differentiation  of  elementary  functions. 

Relation  between  the  variation  of  a  function  and  the  sign  of 
its  derivative. 
RoUe's  theorem  and  the  moan  value  theoi-em. 
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Hi«i;lier  derivativos. 

Itebitioii    of  the  sign  of  /""  (x)  to  the  ojuvexity  f)i"  concavity 

of  a  curve  t/=/(x)  and  to  the  point  of  inflexion. 

m.     Taj'lor's  Theorem  and  its  Ap|)lications. 
Taylor's  and  Maclaurin's  theorems. 

[Wo  shall  treat  tlie  theorems  by    assuming  the   expansibility 
of  a  function,  the  remainder  being  not  given.] 
Expansion  of  the  following  fmictions  int<3  power  series  : — 

e',  sin  a',  cos  .i-,  urctg  x,  (1 -\- xY\  log(l  +  a:). 
Evaluation  of  th(^  indeterminate  forms. 

IV.     Function  of  Many  Variables. 
Definition  of  a  function  of  two  or  more  varifibles. 
Continuity  of  a  function  at  a  point. 
Continuity  of  a  functioii  in  a  given  domain. 
First  partial  derivative. 

Geometi'ical      representation     of     a     functioji    of     two     inde- 
pendent   variables,    and  the   geometrical  interpretation  of  the 
first  partial  derivatives. 
Successive  derivatives. 
Change  of  the  order  of  differentiation. 

Differentiation  of  a  composite  and  an  implicit  function.     Tutjd 
derivative. 
Total  differential. 

\.     Maxima  and  Minima. 
Maxina  and  minima  (jf  a  function  of  a  single  variable. 
Maxima  and  minima  of  an  implicit  function. 

VI.     Application  of  Differential  (^al cuius  to  Geometry. 
Tangent  and  normal  to  plan<^  curves. 
Asymptote. 
Envelope. 
Curvature  and  evolut(\ 

Integi'al  Calculus. 
I.     Lidefinite  integrals. 
Definition  of  an  indefinite  integral. 
Elemenbiry    iiitegrals  of  fundamental   impn'tance. 
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Methods  of  integivatioii : — 

(a)     integi-fitiou    of    a    fmiotion    hy  decomposiiin;   into  tlie 
sum  oi    certain  number  of  functions  whose  integrals 
are  known, 
(h)      integi'ation  by  substitution, 
(r)      integi'ation  by  parts. 
Litegratioii  of  rational  fiuictions. 

Integi-ation   of   1^  (sinx,  co^^x)  d  x,  where  (^  denotes  a  rational 

function  of  the  arguments. 

n.     Definite  integi'als. 

[In  tlie  first  y)ljice,  ^yo  shall  interpret  the  existence  of 
definite  integi'al  by  using  the  area  of  a  plane  cm've,  and 
give  a  few  examples  of  definite  integi-als  which  may  be 
directly  calculated  from  the  definition  of  definite  integral.] 
Evaluation  of  a  definite  integi'al,  when  the  indefinite  integral 
is  known. 
Theorems  on  definite  integi-als  : 

(a)      interchange  of  the  limits, 

(h)      decomj^osition  of  the  interval  of  integration, 

(f)      change  of  the  variable  of  integi'ation,  A:c. 
Some  simple  definite  integi-als. 

m.     Quadiatui-e  of  Plane  Curvets. 
Quadrature    of    ])lane    curves    expressed     in    rectangular    co- 
ordinates. 

Application  to  elHpse,  hyperbola,  ])aral)ola,  and  cycloid. 
Area  of  plane  curves  in  ])()lar  co-ordinates. 

Application  to  circle  and  ])arabola. 

IV.     Rectification  of  Plane  Curves. 
Rectification  of  plane  cm-ves  in  rectangular  co-ordinates. 

Application  to  ])arabola,  catenary,  and  astroid. 
\.     Culjatm-e  of  Solids. 
Cubature  of  a  solid,  the   area  of  its  section  l)y  a  ]>lano  being 
given  as  a  fmiction  of  its  distance  horn  a  given  plane. 

Application  to  ellipsoid  and  sphere. 
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Cubatiive  of  solids  of  revolution. 

Ex.     Solid  of  revolution  obtained  by  rotating  tlie  paraljola 
y=j)x^  round  the  axis  of  x. 
Yl.     Com])lanation  of  tlie  Surfaces  of  llevolution. 
Complanation  of  the  surface  of  revolution. 

Ex.  Smiace  obtained  by  the  revolution  of  tlie  parabola 
y'  =  '2px  round  the  axis  of  x.  Surface  obtained  by 
revolving  a  cycloid  ix)und  its  base. 


The  Coiirse  of  Mathematics 

in 

the  First  Department. 
rNTRODUCTORY  REMAPJvS. 

Of  tlie  various  subjects  taught  to  those  students  in  the 
fii'st  depaiinient  Avho  are  going  to  study  Philosophy  at 
the  Faculty  of  Literature  of  the  Imperial  University, 
mathematics  has  its  share.  Two  hours  a  week  tlnoughout 
the  year  in  the  first  year  course,  i.e.,  in  all  alx>ut  62  hom*s, 
are  assigned  t(3  teaching  the  elements  of  analytical  geometry 
and  calculus.  In  addition,  trigonometiy  taught  in  middle 
schools  is  revieAved  and  something  of  probability  is  also 
given  as  it  will  be  of  use  in  studying  pliilosophy.  Keeping  in 
view  the  shortness  of  time  at  dis^wsal  we  have  adopted  the 
following  syllabus. 

Text-book.  In  one  of  the  higher  middle  schools.  Junker's 
Hohere  Analysis  is  used  as  text-ljook,  l)ut  in  all  othei-s, 
mathematics  is  timght  by  lecture,  no  text-lj<x3k  being  used. 

I.     Trigonometi'y. 

Circular  measure  of  an  angle. 

Trigonometi'ical  ratios. 

Addition  theorems  for  sine,  cosine,   and  tangent ;    and 

various  formulae  deducible  from  them. 

Ilelations  Ijetwoen  the  sides  and  angles  of  a  triangle. 

Inverse  circular  f mictions. 
n.     Analytical  Geometry. 

llectangular  co-ordinates  and  polar  co-ordinates. 

Emi^uical  cuiTes. 

Notion  of  a  function  and  variable. 
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Ciu'vo  of  uniform  vel<jcity  with  i-es]^)ect  to  time. 
Curve  of  the  velocity  imiformly  accelerated. 
Equation  of  a  sti-aight  line : 

-_4.jL  — 1,     i/=,H.c-r'^- 
a       0 

Solution    of    simultaneous  e<iuations  of  the  first  degree 

"with    two    unknown    quantities,     and     its    geometical 

interpretation. 

Solution  of  the  equation  of  the  second  degi-ee. 

Graphic  representation  of  the  functions, 

Definition    oi    a    circle,    and  its  I'ectangular  and  polar 

equations. 

Definitions  of  ellipse,  h^'perbola  and  parabola. 

Definitions  of  focus  and  directrix. 

Solution  of  simultaneous  equations. 

—  ±~=zl  and  //  =  mx4-o. 
Of-      Ir 

and  the  grapliic  inter  pi  etat  ion  of  the  solution. 
Gi-aphic  representations  of  the  functions, 

sin  X,  cos  Xy  tg  X,  arc  sin  x,  aic  tg  x,  (if,  log^.i", 

x",  x'-\-ax\h,  x- 

Graphic  solution  of  simultaneous  equations 

y  =  a  X  +  b  and  y  =  ig  x, 

ij  z=  .y-*  and  9/=ax-\-b. 
Definition  of  a  tangent    to  a  curv(%    and    the  equation 
of    a    tangent    to    a    circle,    ellipse,    hji)erlK)la,     and 
parabola. 
in.     Differential  Calculus. 
Notion  of  limit. 

Limit    of    certain    functions,    among    Avliicli    am  to  be 
included 
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Lim  ( '. 


W        IT-       sill  ^ 
and  Liim 


X 


Continuity  and  discontinuity  of  functions. 

Infinitesimals. 

Differentiation  and  differentials. 

Successive  derivatives. 

Convergency  and  divergency  of  infinite  series. 

Necessary  and  sufficient  condition  foi-  convei-gency  and 

divergency. 

Tests  of  convergency  : 

com]iarison  test, 

d'Alembert's  test, 

Cauchj^'s  test, 

test  for  alternating  series. 
Taylor's    and    Maclaurin's    tlieorems    without    the    re- 
mainder, the  expansibility'  of  functions  being  assumed. 
'   Binomial  theorem,  expansions  of  e^,  sin  x,  cos  .r,  etc. 
Maxima  and  minima  of  a  function. 
rV".     Integi-al  Calculus. 

Notion  of  indefinite  integrals. 
Direct  integration. 
Methods  of  integration  : 

by    decomix)sition  into  a  certain  number  of   func- 
tions, 

by  substitution, 

l)y  ])arts. 
Notion  of  definite  integi-als. 
Quadrature  of  plane  curves. 

Approximate       integi'ation :  —  trapezoidal      rule      and 
Simpson's  method. 
Y.     Probal:)ility. 

Definition  of  probability. 

Addition  rule  for  mutually  exclusive  events. 

Multiplication  laile  for  mutually  independent  events. 
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Probability  of  the  conciUTence  of  clependeiit  events. 

Repeated  trials. 

Mathematical  measure  of  expectation. 

Inverse  probability. 


Answers  to  the  Question  Proposed. 


PART  I. 

The  answer  to  tlie  question  given  in  Chapter  I.  of  the 
first  pai't  of  the  General  Plan  of  the  Work  of  Rapport 
Preliminaire. 

The  table  of  the  ganeral  mean  of  the  average  ages  of  the 
students  in  lii^her  middle  schools. 


First  depiirtment 

[Second  department 

Third  department 

First  3'ear 

20  Y.  (3M. 

19  Y.  8M. 

19  Y.  7  31. 

Second  year 

21  Y.  1  M. 

20  Y.  8M. 

Third  year 

22  Y.  IM. 

2.      The  answer  t(^)  the  question  given  in  Chapter  II. 

HoAv  to  establish  the  relations  between  mathematics 
and  other  branches  of  science,  especially  physics  and 
dynamics,  is  an  im^wrtant  question  but  difficult  to 
answer. 

The  object  of  teacliing  physics  and  dj'namics  in  liigher 
middle  schools  is  chiefly  to  impart  to  the  students  physical 
concept,  keeping  in  vieAv  that  the  knowledge  of  these  subjects 
tliey  have  already  acquired  is  vei-y  meagre  and  imperfect. 

In  teaching  physics  and  d^'iiamics,  if  we  make  use  of 
mathematics  wliicli  the  students  are  assumed  to  have  learned, 
t^xi)lanations  will  Ije  made  easy,  and  consequently,  less  time 
"will  be  needed  in  their  teaching.  ]jut  if  we  use  mathematics 
t<x)  much,  the  imparting  of  i)hysical  C(jncept  may  he  liampered 
by  tlie  very  reason    of    the   /lifficulty    of    mathematics.     Tliis 
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is  an  iindosirable  thing,  which  we  onglit  t(»  a^■oi(l.  It 
would  ho  snpoi-fluous  to  add  lioie  tliat  "vvo  should  endoavom' 
to  make  the  relations  between  mathematics  and  hoth  ])hysics 
and  dynamics  as  close  as  possible,  so  long  as  such  endeavour 
does  not  endanger  the  pm'pose  of  teacliing  the  latter  subjects. 
Indeed  such  a  method  seems  to  have  hithei-to  been  adopted. 

Li  many  text-books  of  mathematics  ■whicli  have  heen  in 
general  use,  their  authors  seem  to  have  paid  great  attention 
to  the  close  relations  that  are  necessaril^y  found  to  exist 
among  the  different  liranches  of  mathematics.  To  give  an 
example,  what  have  been  used  in  the  explanations  and 
applications  of  calculus  are  nearly  all  the  x^roblems  of 
geometry,  thus  showing  that  great  attention  and  pains  haA'O 
been  taken  in  making  the  relations  l.etween  these  two 
branches  intimate ;  but  it  will  be  found  at  the  same  time 
that  physical  problems  are  rarely  nserted  in  the  text-books 
of  mathematics.  If  we  give  the  students  the  j)bysical  as 
well  as  geometi-ical  applications  of  calculus,  the  introduction 
of  the  physical  problems  will  most  likely  excite  in  them 
great  interest,  and  will  well  accord  with  the  object  of 
teaching  mathematics,  for  mathematics  is,  unlike  phj'sics  and 
dynamics,  one  of  the  subjects  which  they  have  been  taught 
all  the  time  ever  since  they  entered  the  elementary  schools 
and  "VN'hicli  have  been  deeply  impressed  on  their  minds. 

In  a  word,  we  believe  that  the  relations  between 
mathematics  and  the  sciences  in  which  mathematics  are 
extensively  used,  should  be  kept  intimate,  by  applying  the 
former  to  the  latter  in  a  suitable  manner,  and  at  the  same 
time  choosing  the  examples  and  problems  used  in  mathematics 
from  among  the  problems  of  physics  and  dynamics, 

PART  n. 

1.      The    answer    to    the  question  given  in  Chapter  I.  of 
the    second    Part    of   the  General  Plan  of  the  Work 
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of  Rapport  Prelimincdre. 

Tlie  remarks  appended  to  the  syllabus  wc^uld  serve  as 
the  answer  to  this  question. 

2,      The  answers  to  the  questions  given  in  Cliapter  III. 

((()     Examinations  should  not  be  done  away  with. 

Examination  is  not  only  a  sort  of  stimulus  for  making 
students  diligent,  but  also  causes  them  to  review  what  they 
have  l)een  taught  during  a  term  or  a  year.  It  will  make 
their  knowledge  certain,  and  what  they  liave  learned  piece 
by  x)iece  is  transformed  into  a  systematic  wliole.  Though  it 
is  needless  to  say  that  the  students  should  not  study  merel.y 
for  the  sake  of  examination,  j'et  if  we  dispense  with  it,  they 
will  Ijecojne,  it  is  feared,  not  diligent  at  all.  If  there  be 
some  good  means  to  cause  them  \a  l)e  self -diligent,  it  would 
be  well  to  abolish  examination  altogether.  We  believe, 
however,  there  is  at  present  no  such  means  of  fulfill- 
ing our  pm'iwse,  that  will  prove  more  efficient  than 
examination. 

(h)     The  numljer  of  examinations. 

From  what  we  have  just  stated,  it  would  appear  that 
oftener  the  exjxmination  is  held  the  better  it  is,  but  this  is 
far  from  Ijeing  true.  The  students  are  not,  of  com-se,  fond 
of  examination,  and  if  we  were  to  liold  it  too  often,  they 
would  come  to  hate  the  study  of  mathematics.  Moreover,  it 
would  not  only  diminish  the  number  of  the  teacliing  hom-s 
of  mathematics  but  also  bring  about  injurious  efiiscts  on  the 
tt^aching  of  other  subjects.  We  l)elieve,  therefore,  that  it  is 
most  appropriate  to  hold  it  alx)ut  six  times  a  year,  that  is, 
tlu'ee  term  examinations,  each  \o  l)e  held  at  the  end  of  a 
term,  and  tlnee  special  examinations  to  l^e  held  once  in  e;ich 
term.  But  at  present  only  term  examinations  ai-e  held  in 
most  of  the  liigher  middle  schools. 

(c)     How  to  select  the  problems  in  examinations. 

Many  comparatively  easy  problems  are  to  be  prefen-ed 
to  a  few  difficult  ones.     As  to  the    nature    of    the    problems, 
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tliey  should  be  such  jis  will  test  liow  far  the  students  have 
comprehended  Avliat  have  been  taught.  In  case  tlie  time 
allotted  to  examination  is  exceptionally  long  and  many  pvo- 
hlems  could  l)e  given,  sutih  problems  as  will  test  the  ability 
of  the  students  may  also  be  included. 

3.     The  answei-s  to  the  cpiestion  given  in  Chapter  IV. 

(a)     The  method  of  teaching. 

In  every  branch  f)f  mathematics,  there  are  many  fimda- 
mental  principles  which  may  be  recognized  intuitively  to  l)e 
truths,  but  which  rec[uires,  strictly  sj^eaking,  logical  proofs 
which  ai'e  exceedingly  difficult.  In  such  cases,  it  would  be 
better  to  teach  them  intuitively,  dispensing  with  the  logical 
mode  of  reasoning,  and  explaining  them  by  means  of  graphs. 
In  higher  middle  schools,  we  haA^e  to  start  by  frequently 
having  recoiu"se  to  the  intuitive  method  of  teaching,  and 
then  to  go  on  step  by  step  to  the  logical  method.  As  to 
the  harmonious  relations  between  the  intuitive  and  logical 
methods  of  teacliing,  we  have  already  stated  them  in  the 
remark  on  the  syllabus. 

We  add  the  following  remarks,  to  which  we  wish  to  call 
special  attention.  When  there  are  many  data  necessary  in 
proving  a  certain  theorem,  we  ought  to  jx)int  out  t;learly 
why  and  where  in  the  course  of  pi-oof  these  data  are 
necessary,  or  else  the  students  wiU  commit  these  data  into 
memory  Avithout  miderstanding  what  they  ai-e  good  for. 
Again  it  is  very  important,  we  believe,  t(j  call  attention  of 
the  students  to  the  following  points  : — 

(1)  the     nature     of     0    in    the    remainder    of     Taylor's 
theorem, 

(2)  the  order  of  going  to  limits  in  LimLim/'(A /."), 

A=o       fc=o 

(3)  examining  of  discontinuous  points  within  the  interval 
of  a  definite  integi'al, 

(4)  care    to    be    ljest<3Aved    in  taking    the  proper  sign  in 
exti'acting  square  root,  for  cxamx)le  : 


4,8  niGHER  MIDDLE  SCHOOLS  [art.  m. 

—  arc  sec  x  ■=. x  ^  o, 

dx  xVx'-l  ^ 


/dx 
Vd^—x'  ~ 


dx  ,  .     X 

±arc  siu  — 

a 


(6)  On  the  conyentional  boundary  betA\'een  the  different 
l)ranclies  of  mathematics. 

It  would  be  better,  generally  speaking,  not  to  observe 
strictly  the  conventional  boundary  between  the  different 
branches  of  mathematics.  However,  if  we  put  away  entirely 
the  conventional  boundary,  the  students  are  liable  to  become 
confused.  Therefore,  the  question  converges  to  in  Avhat 
measure  the  bomidary  may  be  made  to  disappear.  To  give 
an  example  or  two,  as  to  the  relation  between  algebra  and 
calculus,  it  would  be  better  to  give  the  general  notion  of 
limit  as  early  as  x^^sible  in  algebra ;  and  with  regard  to 
differential  and  integi-al  calculus,  we  think  it  will  be  at 
least  convenient  t<i  begin  with  integi-al  calculus  as  soon  as 
]^X)ssible,  and  thencefoiih  to  teach  differential  and  integi'al 
calculus  side  by  side.  Wo  have  often  tried  such  method  of 
teaching,  and  have  always  found  it  ver}^  convenient.  Li- 
definite  integi-ation  immediately  following  differentiation  as 
its  inverse  process  is  more  easily  comprehensible,  and  also 
this  method  gives  the  students  more  chances  of  applying 
their  knowledge  of  integi'al  calculus  to  x)hysics,  dynamics, 
and  surveying.  And  as  far  as  our  experience  goes,  we 
have  foimd  no  incovenience  whatever  in  following  the 
method  just  mentioned. 
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THE  TEACHING  OF  MATHEMATICS 

IN  THE 

FACULTY  OF  TECHNOLOGY 

(College  of  Engineering) 

TOiaO  BIPEPtlAL  IINB  JuTlSITY 

Tlio  object  of  tecicliiiig  niatliematics  iu  this  college  is 
to  give  students  matlieniatical  knowledge  necessary  for 
engineering  pnq^ases.  For  this  reason,  not  only  the  opera- 
tions in  symbols  and  their  method  of  reasoning  should  bo 
taught,  but  also  much  sti-ess  should  Ik?  laid  on  their  xiractical 
applications  leased  on  actual  examples.  In  solving  a  ])roblem^ 
therefore,  answers  expressed  in  s^'mbols  are  not  sufficient, 
and  students  should  become  accustomed  to  the  practice 
of  expressing  in  numliers  wliat  they  have  got  in  symlx>ls  in 
such  units  as  may  be  easily  understood  hy  a  common  work- 
man or  mechanic. 

Students  should  be  instructed  so  that  before  they 
Ijegin  calculntions  of  an}'  kind,  the}'  may  be  able  t<j  form 
general  idea  regarding  the  order  of  magnitudes  of  the  results 
to  1)0  obtained  in  order  to  avoid  such  answers  as  aro 
sometimes  very  far  from  being  correct. 

As  regards  numerical  calculations,  students  should  under- 
stand the  degi'oe  of  approximation  of  the  result  aimcMl  at, 
and  so  avoid  unnecessar}'  calculations.  For  instance,  Avlion 
a  student  estimates  the  horse-jx^wers  of  an  engine  by  means 
of  an  indicator  diagram,  he  sometimes  gives  a  result  con- 
sisting of  ten  figures,  despite    the  fact  that  there  may  he  an 
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error    of    some  10  %    hi    tlie  data ;    it   is   extremely   neces- 
sary to  caution  him  against  snch  obsnrdity. 

Tlierefore,  all  tlie  brandies  of  matliematics  tanglit  in  this 
Ciillege  must  be  closely  connected  with  the  engineering 
course. 

Tlie  time  allotted  to  the  teaching  of  mathematics  in  this 
college  is  tlu*ee  hours  i^er  week  during  the  first  term  (from 
the  middle  of  September  to  the  middle  of  Decemlier)  and 
the  second  term  (from  the  beginning  of  Jauuai'v  to  the  end 
of  March)  of  the  first  year  course. 

An  examination  is  held  at  the  end  of  each  term  i.e. 
twice  during  the  wliole  course.  At  each  examination,  from 
four  to  six  questions  are  generally  given,  and  the  students 
are  requested  to  give  their  answers  Avithin  tliree  or  four 
hours. 

As  to  the  method  of  teaching,  a  professor  delivei's  a 
course  of  lectures  either  his  own  or  taken  from  some  text- 
lxx)ks,  and  the  students  take  notes  of  the  essential  points  in 
these  lee  traces. 

The  following  are  some  of  the  reference  ba)ks  now  in 
use : — 

J.  Liiroth — ^^orlesungen    iiber    numerisches    Rechnen. 

Teuljiier,  LeijDzig. 
J.  Perry — Calculus    for    engineers.      ]:xlward    Arnold, 

London. 
A.  G.    Greenhill — Differential    and  Litegral  Calculus. 

Macmillan  k  Co.,  London. 

V.  Appell — ^  Elements  d'analyse    mathematique.     Gau- 

tliier  Alllars,   Paris. 

The    standard     of     teaching.      Differential    and    integral 

-calculus  and  other  branches  of  mathematics  which  are  being 

taught  in  higher  middle  schools  are  used  as  Imsis,   and  various 

ways  of  applying  them  for  practical  purposes  are  taught  in  the 

<.*ollege.     The  differential  equations,  from   page  548   to    page 

■<>74  of  Appell's  Mathematical  Analysis    (published    in    1905 
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mid  given  in  tho  fovco-oing  list)  sivo  biuglit,  if  ])ossible,  liofore 
the  end  of  tlio  first  tenn,  and  tlio  applicatioiis  of  tliem  and 
other  branches  of  mathemetics  are  taught  daring  the  second 
term. 

AVe  annex  here  as  reference  Professor  Inoknchi's  "  OutUues 
of  Practical  Mathematics,"  as  his  views  are  recognized  in 
the  college  and  amve  with  what  have  Ix^en  stated  above. 


Appendix A   General  Outline   of    Practical  Mathematics. 

By  Professor  A.  Inokuchi. 

The  following  is  a  general  outline  of  n  course  of  Summer  lectures  on 
practical  mathematics  deliveretl  by  me  in  1902,  at  the  request  ef  the  Minis- 
ter of  Etlucation,  to  those  engaged  in  technical  education. 

The  order  in  which  the  different  liranches  of  mathematics  are  taught, 
and  the  method  of  teaching  which  are  generally  adopted,  waste  days, 
months,  and  even  years  of  the  student's  lifd.  The  subject  itself  is  one 
suggestive  of  heidache  to  many  c-hildren ;  while  the  study  of  it  in  the 
opinion  of  many  people  is  i)ractic<illy  as  useless  as  the  study  of  the  theory 
of  swimming,  of  horsemanship,  or  of  bicycle  riding.  What  a  pity  it  is  that 
the  study  of  mathematics,  the  most  useful  and  sharpest  tool  in  the  hands 
of  those  engaged  in  various  branches  of  iadiistry,  and  the  one  which  can  ba 
got  for  nothing,  should  be  regiirded  by  school  chikhren  and  by  some  of 
their  parents  as  mere  waste  of  time  ! 

Professor  John  Perry  of  England,  an  earnest  advocjite  of  reform  in 
technical  education,  says  : — 

"  There  are  some  persons  among  those  who  are  engaged  in  various 
branches  of  industry,  who  apply  mathematics  to  the  industry  they  are 
engaged  in,  and  these  persons  .almost  always  come  down  to  be  teachers  and 
professors  and  seem  to  get  away  fiirthar  and  farther  from  their  former 
occupations ;  and  again  there  are  persons  who  are  very  skilful  in  framing 
the  order  and  method  of  teaching,  and  thase  persons  have  instinctively  been 
very  skilful  in  abstract  reasonings  from  their  childhood,  and  have  come  to 
be  what  they  are  as  easily  as  ducks  Lave  been  very  sldlful  in  swimming 
since  the  days  when  they  were  mere  ducklings.  There  are  many  persons  of 
this  stamp  and  in  their  eyes,  those  children  who  can  not  le.aru  elementary 
Euclid,  even  though  they  spend  a  year  in  its  study,  must  be  said  to  bo 
dunces ;  but  to  tell  the  truth,  the  mo;le  of  learning  things  and  training 
mental  faculties  by  abstract  raasonings  is  limited  to  persons  of  extra- 
ordinary brains,  and  moreover  they  will  perhaps  be  persons  of  abnormal 
brains. 
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^Vheu  they  teach  children  geometry,  why  do  they  not  entirely  lay  nside 
Euclidean  reasonings?  Why  dj  they  not  teach  theorem  -17  in  Part  I 
of  Euclid  without  demonstration,  sayiupj  it  is  an  evident  theorem  ?  Why 
do  they  not  teach  two  or  three  pages  of  elementary  algebra  instead  of  Part  11 
and  Part  V  of  Euclid,  or  why  do  they  not  say  a  great  many  theorems 
in  Part  \l  are  axioms  ':*  If  they  say  logical  inferences  are  necessary  in  any 
way,  let  them  consider  ^pell— there  should  not  be,  strictly  speaking,  anything 
like  an  axiom. 

Newton  applied  geometrical  conic  sections  to  the  study  of  astronomy, 
and  dynamics  has  made  its  davelopment.  Seeing  this  fact,  is  there  any 
reason  for  saying  that  the  pupils  of  technical  schools  should  go  from 
fustronomy  to  dynamics  V " 

This  plan  of  Perry's  for  the  reformation  of  the  method  of  teaching 
mathematics  has  already  baen  recognized  by  the  Science  and  Art  Depart- 
ment of  England,  and  at  Battersea  Polytechnic  of  the  same  country, 
mathematics  is  now  being  taught  after  the  same  remodelled  method.  A 
•-■ertain  M.  T.  Ormsby  is  a  lecturer  in  the  said  institution  and  he  is  now 
teaching  applied  mathematics,  civil  enginesring  and  surveying.  This  same 
person  has  written  a  book  of  practical  mathematics,  which  makes  a  demy- 
octavo  volume  of  410  pages.  The  contents  of  the  book  are  arithmetic, 
algebra,  geometry,  trigonometry,  solid  geometry,  mensuration  and 
calculus,  and,  though  there  are  lines  of  demarkation  between  the  various 
branches,  the  explaniitions,  demonstrations,  operations  and  so  on,  given 
therein,  are  quite  different  from  those  that  have  hitherto  been  adopted, 
and  the  whole  is  designed  to  be  taught  in  two  years. 

I  believe  such  a  method  to  ba  the  most  appropriate  for  teaching 
mjithematics,  as  an  essentLal  subject  in  technical  education,  and  I  shall 
now  try  to  state  in  what  points  my  views  differ  from  the  methods  that 
have  been  hitherto  adopted. 

In  arithmetic,  as  soon  as  the  four  common  rules  have  been  mastered,  the 
addition,  subtraction,  multiplication,  and  division  of  decimals,  should  be  taken 
up,  and  in  fractions,  the  work  should  be  confined  to  such  simple  ones  as  ^,  §, 
■f,  and  so  on.  That  the  greatest  common  divisor  and  least  common  multiple 
jure  not  easily  understood  by  beginners  is  universally  recognized.  At  this 
point  those  axioms  relating  to  general  <piantities  should  be  taught  and  at 
the  same  time  the  applications  of  the  sign  of  equality,  and  it  would  be 
better  to  teach  ratio,  direct  proportion,  inverse  proportion,  compound  pro- 
portion, percentage,  proportional  parts  and  so  on,  by  applying  the  above  stated 
axioms  and  the  sign  of  equality.  Sc^uare  root  and  cube  root  can  be  taught 
in  arithmetic,  but  it  would  be  better  to  let  pupils  use  tables,  as  they  use 
almanacs  and  railway  time  tables,  and  it  would  also  be  better  to  teach  them 
the  use  of  the  table  of  logaiithms  to  five  figures. 

lu  algebra,  the  beginning  should  be  ma  le  at  equations  avoiding  difficult 
factoring  and  other  work  of    the  same    nature,  where  pupils  are  drilled,  not 
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only  in  ooiiunou  (Hniatious,  Lnt  also  in  tlnse  equations  which  contftiu 
tlecimals  and  incommonsurables.  It  is  also  necessary  to  teach  the  theory  of 
exponents,  logarithms,  and  the  l)inoinial  theorem.  The  pnpils  should  be 
required  to  show  on  plotting  paper  the  manner  of  variation  of  an  expression 
of  the  third  degree  and  of  a  transcendental  expression,  maximum  and  mini- 
miim,  and  the  root  of  an    equation. 

Lenjjth,  bre:idth,  and  siz3  are  more  than  sufficiently  miuutt'ly  explained 
in  comuKjn  text-books  of  geometry,  and  a  great  many  applications  of  them 
are  found  in  algebra,  but  time,  interval,  speed,  and  acceleraticin  are  nowhere 
clearly  explained  in  any  text-books  of  mathematics,  and  problems  regarding 
them  are  only  found  here  and  there. 

This  seems  to  me  a  gross  mistake,  and  I  believe  the  loss  of  b;ilance  will 
be  evident  to  any  one  who  will  look  through  what  is  taught  in  mathematics 
from  l>eginning  to  end.     I  shall,  therefore,    try  to  make  up  for  this  defect. 

Regarding  arithmetic  and  algebra  as  immaterial  tools,  find  instruments, 
pencil,  ruler,  compass  and  protractor  as  material  tools,  the  properties  of 
lines,  angles,  triangles,  circles,  and  circular  functions  may  be  taught  far 
more  concisely  than  is  generally  the  case. 

In  mensuration,  arithmetical,  algebraical,  logarithmical,  geometiical, 
trigonometrical,  and  graphical  problems  regarding  triangles,  circles,  ellipses, 
spheres,  piisms,  cylinders,  pyramids  and  so  on,  may  be  taught  promiscuously, 
and  also  approximate  calculations  according  to  the  rules  of  the  trapezoid, 
and  Simpson's  method. 

What  I  have  just  stated  is  a  general  outline  of  the  method  which  seems 
to  me  the  most  appropriate.  For  putting  it  in  practice,  actual  objects 
models,  drawings,  diagrams,  plotting  pajier,  slide-rules,  table  of  quantities, 
and  drawing  instruments,  will  be  required. 

So    much    by    way    of    introduction;    now    as  to    the     essentiiil    pi>ints 
of  my   lectures ; 
(a)      An    inaccuracy    in    the      known     numbers     renders     an     exact    result 

impossible. 
{b)      The    accuracy    ami    inaccuracy    of    numbers      :u-o    independent    of     the 
position  of  decimal  point.  ^ 

(c)  In  a  calculation,  which  is  necessary  from  the  standpoint  of  industry  it 
is  usually  sufficient,  if  the  result  is  expressed  by  two  or  three  figures, 
and  therefore  it  is  sufficient  in  such  operations,  if  three  or  four 
figures  are  given. 

(d)  The  errors  of  a  number  cut  off  at  the  fourth  figure;  and  the  same  of 
the  result  got  by  multiplying  or  dividing  that  number,  and  of  the 
power  or  root  of  the  same. 

(e)  It  is  easier  and  also  more  convenient  to  solve  the  i^roblems  of  i^ropor- 
tion  according  to  the  theory  of  ratio. 

if)  The  appliaation  of  the  binomial  theorem  to  approximate  calculations, 
or,  (l-|-a^:)'»  =  l  fmr,  {l+.(;)"'{l+.v)«  =  l+m.c  f-n;/,  and  so  on. 
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{'/)      The  explanations    of    Iqjarithms    and    ;mtil<3giiritlinis,    an<l  the    use  of 

the  logarithmic  table  of  five  figures. 
(/()      The    application     of     the     formula    of    interpolation,    7/^  =.'^  +  •^•z^?/o  + 

lJa-(.v-l)  ^2|/o  +  ||a;(x-l)  {x-2)A^yo+ 

(i)       The  theory  of  the  slide-rule  and  its  usefulness, 
(j)       IMiscellaneous  prolilems: 

1.  Find  the  value    of    n\    and  v    in  ')j  =  ni.v-\-c  by  finding   the  two 
sets  of  values  for  x  and  y. 

2.  Find  the  value  of  x  in  1.8''  =  4.2 

3.  Find  the  value  of  h  in  (J  =  in  h  h  v^2gh 

etc.     etc. 

(/.■)  The  explanation  of  speed,  the  mode  of  measuiing  speed,  the  explana- 
tion of  simple  harmonic  motion,  examples,  graphs,  and  so  forth. 

[l)  The  circumference  of  a  circle,  and  the  surface  and  volume  of  a 
sphere,  prism,  cylinder,  and  pyramid. 

(?)))  The  volume  of  a  tnincated  pyramid,  Avedge,  pseudo-prism  .and  spheri- 
cal segment. 

(n)      Similar  ijlaue  figures  and  solids  and  their  aiDplications. 

(o)  Methods  of  drawing  similar  ellipses  quickly,  of  describing  a  part  of  a 
large  circle,  of  estimating  an  approximate  area  by  sight,  and  of  form- 
ing a  general  idea  regarding  the  limit  of  errors  in  the  estimation. 

(;))  The  nJes  of  the  trapezoid,  Simpson's  and  other  approximate  methods 
of  integration. 

iq)      The  meaning  of  mean  value  and  how  it  is  found. 

(»•)  The  great  usefulness  of  graphical  mathematics  and  the  readiness  with 
which  it  can  be  applied. 

Seeing  that  nearly  all  problems  can  be  solved  by  graphical  methods, 
very  big  books,  nearly  as  microscopical  as  the  map  of  Tokio,  have  been 
written.  The  large  does  not  always  cover  the  small,  and  rough 
calculations  not  necessarily  inferior  to  detailed  ones.  The  minutely 
acciurate  methals  found  in  such  big  books  may  be  necessary  to  those 
scholars  who  have  a  plenty  of  leisure,  but  to  those  who  are  engaged 
in  jiractical  industry,  they  are  utterly  useless. 

(.S-)  The  artificial  variations  of  quantities  tletermiued  by  niles,  regulations, 
laws,  or  treaties  are  generally  discontinuous ;  but  their  natural  varijx- 
tions  (such  as  the  rate  of  cooling  of  hot  "water  in  a  kettle,  the  average 
temperature  of  each  day  in  the  year  for  many  years,  the  average  weight 
of  tens  of  thousands  of  Japanese  of  a  certain  iige,  the  relation  between 
temiieratiire,  pressure,  and  specific  gravity  of  a  certain  gas,  and  so  on) 
are  continuous  quantities  and  can  be  represented  by  smooth  curves. 

{/)  The  variations  that  can  be  represented  l)y  straight  lines,  the  eciuation 
of  a  straight  line,  the  determination  of  the  constants  in  the  equation 
of  a  straight  line  by  using  j)lotting  i^aper,  and  many  other  useful 
examples. 
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(u)  I'iudiug  maxima  and  minima  Viy  curves  of  the  second  degree,  curves 
of  the  third  degree,  curves  of  circular  functions,  exponential  function 
and  po  forth;  and  finding  the  rate  of  variation. 

(I')  Finding  the  root  of  any  equation,  such  as  the  roots  of  3.»;''  — 3j;'-  + J=0, 
0~  s'md=   gir,  etc. 

(!c)  To  find  the  constants  in  an  e(iuation  of  a  curve  got  l)y  plotting  the 
result  of  observations,  for  example,  to  find  the  value  of  n  and  c  in 
the  equation  pv»  =  c  l)y  the  indicator  diagrams  of  steam  engines, 
gas  engines,  and  oil  engines,  etc. 

{x)  Given  a  few  instances  of  the  prices  of  some  comj)lex  commodities  and 
the  expenses  of  some  works,  how  to  infer  the  prices  and  expenses  in 
similar  cases.     Fome  other  important  items,  problems  and  cautions. 


The    End. 
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The  Teaching  of  Mathematics  in  Normal  Schools 

(for  preparing  Male  Teacliei-s  for  Elementary  Schools) 

The  Japanese  Sub-Commision  received  reports  from  no 
less  than  tliirty-one,  out  of  the  total  number  fifty-two,  of 
X^refectural  normal  schools  for  preparing  male  teachers  for 
elementary  schools.  The  present  divisional  report  was  com- 
piled, due  regard  being  had  to  the  opinions  expressed  in  the 
reports  just  mentioned. 


CHAPTER  I. 

Aim,  Constitution,  and  Cumculum  of  the  Normal  School, 

(A)  Aim. — TJie  normal  school  is  an  institute  for  the 
training  of  elementary  school  teachers.  From  its  very  nature, 
it  is  a  school  where  a  kind  of  sj^ecial  professional  education 
is  to  be  given.  And  yet,  the  standard  required  for  entering 
it  being  only  tliat  of  the  graduation  gi'ade  of  only  eight 
or  nine  years'  course  of  elementary  education,  it  is  found 
necessary  to  give  to  its  pupils  not  only  the  said  special 
professional  education,  but  also  the  higher  common  education 
in  order  to  make  them  fit,  when  they  assume  as  elementary 
school  teachers  an  appropriate  place  in  society  to  fulfil  the 
duty  due  to  that  xDosition. 

(J5)  Constitution.  — Li  the  normal  school  there  are  pro- 
vided a  preparatory  and  a  regular  course.  The  latter  divides 
itself  into  the  first  and  second   division. 

The  preparatory  course  aims  at  giving  education  neces- 
sary for  those  entering  into  the  fii'st  division  of  the  regular 
com-se,    and    is    open    to    graduates    of   two  years'  course  of 
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higher  elementary  school  or  those  who  are  above  fourteen 
years  of  age  and  have  the  scholarship  of  equivalent  grade. 
It   extends   over  one  year. 

Those  who  are  entitled  to  enter  into  the  first  division  of 
the  regular  coiu'se  are  eitlier  graduates  of  the  preparatory 
course  or  graduates  of  tluree  years'  course  of  liigher  elementary 
school  or  those  who  are  above  fifteen  j'-ears  of  age  and  have 
the  scholarship  of  equivalent  grade.  It  extends  over  four 
years. 

Those  who  are  entitled  to  enter  into  the  second  division 
of  the  regular  course  are  either  graduates  of  middle  schools 
or  those  who  are  above  seventeen  years  of  age  and  have  the 
scholarsliip  of  equivalent  grade.  It  extends  over  one  year. 
Tills  division  is  specially  established  for  giving  to  those  who 
have  completed  the  higher  common  education,  the  normal 
education  of  a  short  j)eriod  so  as  to  fit  them  for  elementally 
school  teachers. 

(C)  Curriculum  and  its  distribution. — The  cumculum  of 
the  preparatory  course  includes  morals,  Japanese  and  Cliinese 
mathematics,  writing,  drawing,  music,  and  gymnastics. 

The  curriculum  of  the  first  division  of  the  regular  coiu-se 
includes  morals,  pedagogics,  Jajmnese  and  Chinese,  English, 
liistory,  geography,  mathematics,  natural  history,  physics 
chemistry,  political  economy,  writing,  drawing,  manual  works, 
music,  and  gymnastics  ;  but  English  is  optional.  Besides  it 
includes  one  or  both  of  agi'icultiu*e  and  commerce.  In  case 
when  both  are  included,  ])upils  are  required  to  take  either 
one  of  the  two. 

The  curriculum  of  the  second  division  of  the  regular  course 
includes  morals,  joedagogics,  Japanese  and  Cliinese,  mathem- 
atics, natural  history,  ])liysics  and  cliemistry,  political  economy, 
drawing,  manual  works,  music,  and  gymnastics. 

The  distribution  of  subjects  and  recitation  hours  per 
week  aa'e  to  be  seen  from  the  following  table. 
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^~~~^-^^^^     Years 
Subject   ^"---^.^^^ 

Prepara- 
tory 
Course 

Firfct  division  of  the  regular  course. 

seooDd  di- 
vision of 
tlie  regular 
course 

First 

year 

Second 
year 

Third 

year 

Fourth 
year 

Montis   

2 

2 

1 

1 

1 

Pedagogics 

2 

4 

.^1  ''- 

^l    15 
«g[    1& 

Japanese  ancl 
Chinese 

10 

G 

4 

3 

2 

2 

English    

3 

3 

3 

2 

History    

2 

2 

2 

Geography 

2 

2 

1 

^Mathematics 

6 

4 

3 

3               2 

2 

Natural  history 

3 

2 

1 

f      » 

Physics  and 

chemistry    

2 

3 

4 

Politiciil  economy . . 

2 

2 

Writing   

3 

2 

1 

1 

Drawing 

2 

3 

3 

3 

3 

3 

Manual  works 

Music 

2 

2 

2 

2 

1 

2 

Gymnastics    

6 

.5 

5 

5 

3 

3 

Agriculture  and 
commeace  

•2 

2 

2 

Total    

31 

31 

34 

34 

34 

34 

Notice.     The  asterisk   *  in  the  table 
practice  in  pedagogics. 


shows  the  number  of  hours  for  the 
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CHAPTER  n. 

Aim  and  Subject-matter  of  Mathematical  lustniction. 

(I.)     Aim  aud  Subject-matter. 

Tlie  aim  of  teaching  mathematics  is  to  make  clear  to 
the  pupils  the  relation  between  number  and  quantity,  to 
make  them  proficient  in  comx^utation,  to  make  them  under- 
stand the  method  of  teaching  arithmetic  in  elementary  schools, 
to  helx^  them  to  acquire  the  knowledge  necessary  for  daily 
life  and  to  make  them  sound  and  accm'ate  in  thinking. 
The  subjects  taught  are  arithmetic,  algebra,  geometry-,  outline 
of  book-keeping,  and  method  of  teaching  arithmetic. 

Quite  recently  the  Department  of  Education  has  com- 
piled the  .syllabus  of  teacliing  for  normal  schools.  Tlie 
principal  of  each  normal  schools  is  required  to  frame,  in 
accordance  with  the  same,  details  of  teaching  suitable  to 
local  circumstances.  The  syllabus  of  mathematics  runs  as 
follows. 

Syllabus  of  Mathematics. 
(Prepai'atory  course). 

Arithmetic ()  hours  a  week. 

Exercises  in  mental  and  written  arithmetic  and  sorohan- 
calculation  of  the  same  grade  as  that  of  the  third  year  of 
the  higher  elementary  school. 

(First  division). 
First  year 4  hours  a  week. 

{A)     Arithmetic  and  algebra. 

1.  Liteger,  decimal,  fraction. 

2.  Negative   number. 

3.  IntegTal   expression. 

4.  Four  rules,   linear  equation,  measm-e. 

[B]    Geometry  and  appendant  arithmetic. 
1.     Straight  line. 

Angle,  i)arallel  Unes. 
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2.  Linear  figure. 

Triangle,  parallelogi-am,   mensuration. 

3.  Circle. 

Arc,  chord,  segment,  tangent. 

Second  year      3  liours  a  week. 

Arithmetic,  algebra,  and  geometry. 

1.  Fractional  expression. 

Reduction  to  the  lowest  terms,   reduction    to    common 
denominator,  four  rules,  fractional  equation. 

2.  Evolution. 

Square  root,  cube  root,  quadratic    equation,    irrational 
expression. 

3.  Proportion. 

Ratio,  proportion. 

Proportional  lines,  similar  figures,  mensuration. 
Tliird  Year        3  hours  a  week. 

(A)  Aritlimetic,  algebra  and  geometry. 

1.  Trigonometrical  functions. 

Trigonometrical  functions  of  an  acute  angle. 
Solution  of  a  right-angled  triangle. 
Logarithm. 

2.  Progression. 

Arithmetical  progression,  geometrical  progi-ession. 

3.  Percentage. 

Percent,  interest. 

(B)  Book-keeping. 

1.  Double  entry  book-keeping. 

Loan,  items  of  account,  entiy%  settlement. 

2.  Simjile  entry  book-keeping. 

(C)  Method  of  teaclung  arithmetic  in  elcmentarj^  schools. 

1.  Aim. 

2.  Selection  and  arrangement  of   subject-matters. 

3.  Methods  of  instructions. 

4.  Listruments  and  useful  advices. 

5.  Investigation  of  text-books  and  diagivims. 
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Fourth  Yecar 2  llo^^rs  a  week. 

Geometiy  and  appendant  arithmetic. 

1.  Planes. 

Plane  and  straight    lines,    dihedral    angle,    polyhedral 
angle. 

2.  Polyhedrons. 

Prism,  pyramid,  mensni-ation. 

3.  Solids  with  cm-ved  surface. 

Circular  cylinder,  circular  cone,  sphere,  mensuration. 
(Second   division). 

2  houre  a  week. 
(A)     Arithmetic. 

Exercise  in  mental  and    AM'itten    arithmetic    and    sorohan- 
calculation. 

{B)     Book-keeping    (the  same  as    the  first  division  of  the 

regular  course). 
(C)     Method  of  teacliing  arithmetic  in  elementary'   schools 
(the  same  as  the  first  division  of  the  regular  course). 
*  Kemarks. 

1.  Lay  stress  on  the  mutual  relations  between  arithmetic, 
algebra  and  geometry.  And  especially  make  some  mat- 
ters relating  to  arithmetic  accurately  understood  in  the 
teaching  of  algeln-a  and  geometry. 

2.  Let  mental  arithmetic  and  .soro?>a3;-calculation  be  ex- 
ercised even  in  the  first  di^-ision  of  the  regit! ar  course. 

3.  Locus  and  constraction  in  geometiy  to  be  taught  on 
suitable  occasions  according  to  convenience. 

4.  Let  matters  relating  to  enactments  be  given  in  connec- 
tion with  political  economy,  commerce,  etc.  nccording  to 
convenience. 

5.  Aim  at  simplicity  in  book-keeping  viiider  the  subject 
of  mathematics,  and  give  its  advanced  part  under  the 
subject  of  commerce. 

(II.)     Connection  among  various  subjects. 

That  connections  between  various  su])jects  should  be  made 
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HS  close  as  jx)3sible  is  gonerallj  fipproved.  Li  rogaixl  to  the 
method,  the  scope  and  the  grade  thej-eof,  however,  no  definite 
opinion  has  yet  hecn  agi'eed  upon.  The  aim  of  the  above 
sj'llabus  is  to  plan  to  atbiin  the  mutual  connections  as  nuich  as 
possible,  to  teach  the  subjects  of  the  same  name  in  the  three 
different  branches  of  mathematics,  like  ratio  and  proportion, 
at  the  same  time  possible,  to  let  arithmetic  be  the  centre  and 
connecting  link  between  it  and  other  branches  of  mathematics, 
so  that  the  items  relating  to  arithmetic  must  be  made 
accm'atelj  understood  even  when  algebra  and  geometry  are 
given,  and  to  abolish  the  method  of  teaching  arithmetic  as  an 
independent  branch,  by  means  of  making  arithmetic,  algebra 
and  geometiy  into  a  compact  systematic  wliole.  The  syllabus, 
however,  having  been  but  recently  compiled,  how  it  works  is 
not  yet  clear.  Moreover  at  present,  as  there  are  very  few 
liigher  elementary  schools  of  three  years'  course  and  as  there  are 
only  twenty-one  normal  schools  having  preparatory  course, 
the  scholarship  of  matriculates  is  rather  poor,  and  consequent- 
ly there  is  reason  enough  to  exi)ect  not  a  little  difficulty 
in  carrying  out  the  aim  of  the  syllabus  all  at  once.  In  case 
the  preparatory  course  be  not  established,  many  are  of 
opinion  that  arithmetic  is  better  to  be  tiiught  as  an  in- 
dependent branch  in  a  systematic  way  prior  to  geometry 
and  algebra.  To  put  it  minutely,  even  if  such  considerate 
measure  be  t^iken  as  to  give  over  rigorous  proofs  and  general 
theories  in  geometry  and  algebra  and  to  reserve  onl}'  tlieir 
arithmetical  applications  or  to  eliminate  progi'ession,  logarithm, 
irrational  number,  complicated  problems  on  interest,  etc.  fix)m 
arithmetic  and  to  teach  them  in  algebra  and  geometry-,  yet 
it  is  regarded  as  better  to  avoid  the  conftision  l)etAveen 
arithmetical,  algebraictd  and  geometrical  treatments,  and 
anyhow  to  complete  arithmetic  as  one  independent  branch, 
thereby,  on  one  hand,  to  regulate  and  systematize  the 
arithmetical  knowledge  the  pupils  liave  got  in  elementfiry 
schools,  and,  on  the  other,  to  give  iustniction  in   a    compact 
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form  immediately  available  when  tliey  engage  themselves  in 
elementary  school   teacliing. 

This  is  the  point  at  which  the  mathematical  education  of 
normal  schools  diJBfers  from  that  of  middle  schools.  Even  in 
the  case  in  hand,  it  is  a  matter  of  course  to  pay  attention 
to  the  mutual  connections  between  various  branches  of 
mathematics  by  endeavouring,  in  the  teacliing  of  algebra  and 
geometry,  to  make  the  items  relating  to  arithmetic  accm-ately 
understood,  or  by  assigning  computation  exercises  as  arith- 
metical application  of  those  theorems  and  rules  given  in 
algebra  and  geometry,  or  by  comxDaring  arithmetical  solution 
with  algebraical  solution  when  problems  are  to  be  solved  by 
means  of  equation.  But  we  are  not  able  at  present  amalga- 
mate the  three  branches  of  mathematics  too  much. 

In  case  the  preparatory  course  be  established,  arithmetic 
can  be  satisfactorily  regulated  and  systematized  in  the  course, 
and  consequently  the  above-said  amalgamation  teaching  in 
the  regular  coiu-se  may  go  forward  with   ease. 

In  either  case,  however,  care  should  be  taken  to  keep  the 
connection  among  the  various  branches  and  at  the  s.ame  time 
to  bear  the  characteristics  peculiar  to  each  in  mind.  The 
adherence  to  the  principle  regarding  arithmetic  as  centre  so  to 
speak,  regarding  lx)th  algebra  and  geometi-y  as  if  they  were 
the  subordinate  subjects,  should  not  only  be  likely  to 
annihilate  the  characteristics  of  each,  but  also,  tending  toward 
the  utilitarianistic  extremity,  threaten  to  demonlish  the  very 
footing  of  mathematics  in  the  common  education.  The 
majority  beheve  that  it  is  not  on\j  unwise  to  teach  mixed 
algebra  and  geometry,  as  it  promotes  confusion  and  profits 
nothing  special,  but  that  it  is  rather  impossible. 

As  to  wliich  of  the  two,  algebra  or  geometry,  should  be 
taught  first,  there  exist  a  few  differences  of  opinion.  But,  as 
algebra  is  more  closely  connected  with  arithmetic  than  is 
geometry,  looking  it  either  from  the  standpoint  of  its  character 
or  from  the  standpoint  of  easiness  with  wliich  it    appeals   to 
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begiimers,  it  is  better  to  teacli  algebra  prior  to  geometry. 

The  amalgamation  teaching  of  plane  and  solid  geometries 
has  never  been  experimented  in  our  normal  schools.  But  tliis 
is  not  only  j^ossible  but  also  profitable  for  attaining  the  aim 
of  the  teaching  of  geometry,  and  is  an  interesting  problem 
worth  careful  investigation  in  future. 

Li  short,  in  our  normal  schools  at  present,  it  is  not 
adequate  to  take  off  the  partition  between  or  to  amalgamate 
the  various  branches  of  mathematics,  if  the  present  constitu- 
tion of  these  schools  and  pupils'  scholarsliij)  be  taken  into 
consideration.  Nevertheless  in  regard  to  the  need  of  making 
the  mutual  connections  as  close  as  possible,  all  unite  in 
approval  of  it. 

CHAPTEK  m. 

EKamination. 

(I.)     Aim  of  Examination. 

As  there  are  very  few  reports  in  which  the  aim  of  ex- 
amination is  clearly  stated,  I  regret  much  that  I  have  not 
sufficient  material  to  make  an  statement  of  the  point  of 
view  from  which  examinations  are  earned  on  in  our  normal 
schools.  But  so  far  as  the  committee  has  inquired,  the 
following  three  items  seem  roughly  to  cover  the  ground. 

1.  In  order  thereby  to  decide  the  merits    of  attainments  in 
various  subjects  for  j)i'o motion  and  graduation. 

2.  As   a    means    of    making    the    process    of  teaching    and 
acquisition  rational  and   complete. 

3.  Li  order    to    stimulate    and    to    encourage    indirectly  for 
study. 

The  view  relating  to  the  aim  of  examinations  is  one  of 
the  most  important  problems  in  education,  tliat  demands 
serious  consideration,  because  the  view  depends  directly  upon 
the  method  of  examination  and  the  attitudes  of  teachers  and 
pupils    towards    examination   and   indirectly   upon  the   daily 
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teaching  and  acquisition.  It  is  to  be  regretted,  however,  tliat 
this  matter  has  never  been  seriously  studied.  Examination 
seems  as  if  it  is  carried  out  and  repeated  simply  as  a  custom 
without  any  special  care  for  its  real  aim  either  by  teachers  or 
by  pupils.  Generally  sj^ealcing,  pupils  are  anxious  only  for 
promotion  and  graduation,  and  are  forced  to  study  unwillingly 
for  examinations'  sake,  lading  weight  on  notliing  but  th.e 
marks.  As  a  result,  constant  and  earnest  study  in  daily 
recitations  is  neglected,  and  interest  in  the  subjects  tends  to 
be  decreased.  Some  reports  state  the  fundamental  aim  of  ex- 
aminations to  lie  in  judg^'ng  the  merits  of  attainments  to 
decide  promotion  and  graduation  and  the  others  regard  ex- 
aminations even  as  a  convenient  means  of  encouraging 
pupils  to  study. 

It  is  a  matter  of  course  that  a  direct  aim  of  examinations 
is  to  test  the  pupils'  scholarship.  The  reason  for  this  is  that 
teachers  can  judge  the  result  of  their  teaching  by  it,  pupils 
can  acknowledge  the  merits  of  their  attainments,  and  accord- 
ingly the  rational  j^roceeding  of  teaching  and  acquisition  can 
be  effective.  After  all,  the  fundamental  aim  of  examinations 
may  be  said  to  lie  in  this  f)oint.  As  j^romotion  and  graduation 
are  but  the  natural  results  of  the  rational  proceeding  of 
teaching  and  acquisition,  they  should  never  be  regarded  as 
the  principal  object  of  examinations. 

It  is  an  undeniable  fact  that  examinations  indirectly 
stimulate  pupils  to  study.  And  tlierefore,  it  is  not  absolutely 
objectionable  to  make  the  best  use  of  the  ambitions  and 
emulative  spirit  which  is  at  its  highest  point  in  A'outh. 
Yet  it  will  lead  at  times  to  an  irrevocable  evil,  if  this  is 
done  to  an  excess. 

(II.)     Method  of   Examination. 

Methods  of  examinations  now  prevalent  in  normal  schools 
are  not  all  alike,  but  in  general  the}'  are  A\-it]iin  the  limits 
of  the  following  items. 

(a)     An  examination  is  given  at  the  close   of    each    term 
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on  tlie  mattoi-s  tauglit  during    the    tonn.     Tins    mo- 
thocl  is  most  "widely  Jidojitod. 
(h)     Besides    the    term  examination,   special  or  periodical 
examinations  are    held  once    or  more   a    term.     This 
is  another  method  adopted  widely  too. 
(c)     An  examination  is  given  at  the   close  of  each  school 
yefir  on  the  matters  taught  during  the  year.     A  few 
schools  adopt  this  method. 
((J)     An  examination  is  held  at  the  time  of  graduation  on  all 
subjects  taught  throughout  the    whole    course.     Onl}' 
one  school    Tochigi    Normal    School  adopts  this  me- 
thod. 
(c)     There  are  some  schools  where  such    works    as    cpies- 
tions  and  answers  in  daily  recitations,  exercises,  and 
home  tasks  are  regarded  as    parts    of    examinations. 
Also  there  are    some    schools    where    daily    result  is 
regarded    as    part    of  the  merits  of  attainments  and 
is  made  use  of    as    a  means  of  deciding  x^romotion 
and  graduation. 
(/)     As  for  the  time  of  examinations  there  are  two  kinds, 

special  and  x>eriodical. 
((j)     As  regards  the  dates  of  examinations  some  are  given 
on   the   apix)inted    days,    and  the  other  on  an  unex- 
pected da}-. 
(//)     As  to  the  limits  of  sul)jects  covered  I)}-  an  examina- 
tion, it  is  left  to  the  discretion  of  teachers. 
Term    examinations    in    most  normal  schools  are  held  at 
the  close  of  each  term ;  in  some    schools    they    are    held    in 
the  last  week  of  the  term  ;  and  in  some,  on  suitable  occasions 
in  the  last  few  weeks.     Special  examinaiions  which  are  held 
several   times  each  term  are  customarily  given  unexpected!}', 
but  some  schools  give  them  i^eriodically.     During   periodical 
examinations  there  are  general!}'  no  regular  daily  recitations, 
wliile  in  the  case  of    special    ones    daily    lessons    go    on    as 
usual. 
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The  dates  for  examination  are  sometimes  x^revioiisly 
announced  and  sometimes  not ;  the  question,  when  it  is 
appropriate  to  announce  previously  and  when  not,  has  never 
been  publicly  studied  and  remains  unresolved.  My  X5ri"^'<ite 
opinion  with  regard  this  question  is  as  follows  : 

The  examination  without  any  preliminary  announcement 
of  the  date  should  be  held  only  when  it  is  necessary  to  test 
the  understanding  and  memory  of  the  pupils  and  the  extent 
of  their  power  of  application  to  the  subjects  in  which 
special  review  and  practice  have  been  assigned  (which  is 
practically  the  same  as  announcing  the  date  beforehand) 
to  the  matters  of  importance  to  which  special  attention 
must  be  directed  or  which  must  always  be  'keipi  hi  mind, 
etc. 

In  the  other  case,  wliether  periodical  or  special,  announ- 
cement should  be  made  of  the  appointed  days,  and  the 
scope  of  set  subjects  so  as  to  give  time  enough  for  satis- 
factory i)reparation ;  sometimes  necessity  ma}^  arise  for 
giving  hints  for  ]3i'eparation  and  showing  the  way  of  review. 
It  is  in  tliis  way  only  that  the  fundamental  aim  of 
examinations  can  be  attained. 

To  give  examinations  often  in  unexpocted  ways  for  the 
purpose  of  directing  jpupils'  constant  attention  to  study  and 
of  inciting  them  to  untiring  effort  is  an  antieducational 
measure.  It  confuses  the  x^upils'  calm  and  sincere  attitude 
to  study,  and  perverts  their  genuine  interest  in  the  subjects 
owing  to  continual  uneasiness  and  anxiety  on  account  of 
examinations.  When  the  number  and  time  of  examinations 
are  fixed  it  is  inevitable  that  the  subjects  be  mechanically 
limited  for  examinations,  but  it  must  be  proper  to  oblige 
pupils  to  review  the  important  matters  taught  for  them. 
This  way  will  greatly  help  jnipils  in  reviewing  the  matters 
connected  with  one  another,  to  make  their  mutual  relations 
clear  as  a  whole,  to  make  all  subjects  understood  as  united 
and  systematized  knowledge. 
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Judging  fi-om  this,  it  would  be  better  to  give  special 
exiimiiiations  on  occasions  suitable  to  the  proceeding  of 
teacliing  rather  than  mechanically  decide  the  number  and 
time  of  examinations.  In  this  waj',  though  the  dates  of 
the  examinations  are  not  definite,  yet  they  ma}'  he  known 
beforehand  from  the  progi'ess  of  instruction.  Tliis  gives 
them  the  nature  of  periodical  examinations  on  the  one  hand 
and  it  avoids  the  feeling  of  uneasiness  of  pupils  for  special 
examinations  on  the  other  hand. 

(III.)     Methods  of  Weighing  the  Merits  of  Attainments. 

Promotion  and  graduation  are  the  natm'al  results  of  the 
rational  proceeding  of  teacliing  and  acquisition,  but  by  no 
means  the  fundamental  aim  of  education.  It  is  unavoidable 
that  promotion  and  gi'aduation  exert  great  influence  upon 
the  i)^^pils'  mind ;  therefore  the  pupils'  attitude  towards 
examinations  may  depend  directly  or  undirectly  upon  the 
methods  of  weighing  the  merits  of  attainments  for  promotion 
and  graduation,  and  consequently  the  rational  proceeding  of 
teaching  and  acquisition  may  depend  directly  or  indirecth' 
upon  the  methods  of  weighing  the  merits  of  attaiimients 
for  promotion  and  gi'aduation. 

There  are  two  kinds  of  methods  of  weighing  the  merits 
of  attainments  now  prevalent  in  the  nonnal  schools  at 
present. 

(a)     To  estimate  simply  by  scholarsliip. 

(h)  To  estimate  mainly  by  scholarship,  taking  into 
consideration  the  i)^ipils'  attitude  in  daily  recitations, 
and    their  degi'ee  of  interest    in    the    sulijccts,  etc. 

The  conditions  necessary  to  the  weiglung  of  the  merits 
of  attainments  are  such  as  facility  of  investigation,  accuracy 
and  impaiiiality  of  the  result  attained  and  so  forth.  From 
this  standpoint,  the  method  of  weighing  simi)ly  by  scholar- 
ship may  l:)e  the  safest  and  most  convenient  one ;  but  since, 
as  a  matter  of  course,  tlie  aim  of  didactic  teaching  consists 
not  only  in  the  direct  promotion  of  soholarshii?,    but  also  in 
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fostering  settled  habit  of  investigation  and  in  developing 
interest  in  subjects,  it  may  be  proper  in  inquiring  students' 
attainments  to  take  these  points  also  into   consideration. 

Examinations  as  means  of  testing  scholarsliip  should  be 
of  the  following  qualities  : — 

1.  Examinations  aim  at  exclusively  testing  true  scholarship 
of  the  pupils. 

What  I  mean  by  scholareliix^  includes  acciu'acy  of 
memory  of  the  knowledge  acquired,  thoroughness  of  under- 
standing, degree  of  application-ability. 

2.  Examinations    should    stand    absolutely    independent    of 
the  means  of  acquisition. 

This  means  tliat  pupils  should  be  examined  on  the 
matters  they  have  acquired,  and  examinations  must  not  be  the 
means  of  acquisition,  or  must  n(jt  be  used  as  the  means  thereof. 

3.  Examinations    should    stand  entirely  independent  of  the 
means  of  teaching. 

By  this  it  is  meant  that  examinations  should  be  given 
on  the  matters  taught  in  due  forms,  and  never  be  regarded 
as  part  of  the  teaching  or  used  as  the  means  of  making  up 
for  deficiency  in  teaching. 

There  may  still  remain  room  for  fui-ther  investigation  as 
to  whether  it  is  appropriate  to  define  the  meaning  of  scholar- 
sliip examinations  as  above,  but  the  standard  to  be  adopted 
as  a  proper  and  safe  means  of  testing  scholarship,  I  believe, 
can  not  be  anything  but  the  result  of  scholarship  examina- 
tions based  upon  this  view. 

Questions  and  answers  in  daily  recitations,  exercise 
problems,  home  tasks,  etc.  all  serve  as  means  of  teacliing 
and  acquisition  whereby-  rational  proceeding  of  teacliing  may 
be  rightly  carried  on,  by  developing  pupils'  schoLu-ship  and 
inciting  them  to  study.  But  so  called  daily  merit  can  not 
136  adopted  as  the  standard  of  judging  pupils'  ti"ue  scholor- 
sliip  as  the  result  of  their  acquisition.  For  students'  scholar- 
ship, from  the  pedagogical  point  of  view,  has  no  import  but 
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as  the  result  of  teaching  and  acquisition.  But  it  may  not  1)6 
improper  to  use  it  as  a  reference  of  judgment  on  tlio  attitude 
of  their  study,  and  interest  in  the  subjects,  and  so  on.  It  is 
exceedingl}'  important  to  pay  attention  to  these  matters  and 
to  make  as  thorough  an  investigation  as  ix)ssible. 

CHAPTER  TV. 

(I.)     Method  of  Teacliing. 

The  aim  of  the  teacliing  of  mathematics  in  the  normal 
school  is  neither  to  prepare  pupils  for  schools  of  higher 
grades  nor  to  foster  specialists,  but  it  is  mainly  to  give 
them  training  in  computation  for  daily  uses,  to  cultivate 
their  mathematical  interest  and  at  the  same  time  to  make 
them  understand  the  principle  of  the  teaching  of  arithmetic 
in  elementary  schools,  thus  giving  them  sufficient  qualifica- 
tion as  cultm'ed  educators  of  the  nation.  This  aim  must 
always  be  kept  in  view.  And  again,  due  attention  should 
be  paid  to  psychological  tendencies  of  youth  in  general,  for 
the  majority  of  pupils  belong  to  the  period  of  adolescence. 

The  study  of  methods  of  teaching  for  intermediate 
education  has  not  yet  been  sufficiently  investigated  in  Japan 
Though  there  are  some  who  are  engaged  in  earnest  enquiry 
thereinto,  no  remarkable  x)rogress  lias  been  seen  owing  to 
tlie  fact  that  there  is  no  adequate  organization  for  such  an 
investigation.  Li  spite  of  comparative  uniformity  and  im- 
mutability of  teaching  materials,  methods  of  teacliing  in 
normal  schools  ai'e  quite  disconnected  and  lack  unity,  there 
being  very  few  opinions  which  are  widely  approved.  The 
report  which  follows  shows  only  the  result  of  investigation 
with  reference  to  the  general  tendency. 

(II.)    Details  of  Teaching,  Text-Books,  Reference-Books,  etc. 

(a)      Details    of    teacliing  mean   giving  general   direction 

and  comments  with  regard  to  items    to    be    biughty 
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and  their  arrangement,  order  of  teacliing,  mutual 
connections  among  items,  recitation  hours  for  each 
item,  etc.  Tlie  principal  is  responsible  for  its  com- 
pilation and  the  proceeding  of  teacliing  in  general 
is  required  to  conform  to  these  details. 
(h)  Text-ljooks  are  used  in  every  normal  school.  The 
choice  of  text-books  is  the  duty  of  the  principal. 
He  chooses  them  from  among  the  text-books  which 
are  examined  and  approved  by  the  Department  of 
Education.  But  the  decision  is  usually  submitted 
to  the  faculty-meeting  of  the  school.  In  case  when, 
by  necessity,  any  text-books  which  are  not  approv- 
ed by  the  Department  of  Education,  must  be  used, 
the  sanction  of  the  Department  is  required. 

(c)  Sometimes  reference-books  are  used  besides  text- 
books, but  there  exist  no  regulations  concerning 
their  use.  In  fact  there  are  few  schools  where 
reference-books  are  definitely  decided. 

(d)  Not  many  schools  adopt  the  collection  of  x)i'oblems 
outside  text-books  for  the  purpose  of  exercise. 
Exercise-problems  attached  to  text-books  serve  for 
the  purpose,  and  sometimes  the  teacher  himself 
makes  choice  of  problems  and  assigns  them  to  the 
pupils. 

(e)  The  use  of  collection  of  solutions  of  j)i'oblems  and 
explanatory  notes  is  generally  forbidden.  Such 
kinds  of  books  are  considered  to  accompany  more 
demerits  than  merits  for  pupils'  acquisition. 

(III.)  Form  of  Teaching. 
The  form  of  teacliing  most  widely  adopted  in  normal 
schools  is  the  dialogue  form.  The  reason  is  tliis,  that  teach- 
ing in  normal  schools  is  mainly  done  on  the  base  of  the 
prescribed  details,  text-books  as  the  centre,  and  the  age  of 
pupils  is    so    advanced    as    to    make    self-investigation    easy. 
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and  moreover,  from  the  very  nature  of  the  subject  gi'eat  em- 
phasis is  laid  on  preparation,  exercise  and  review.  Tlio  use 
of  lecture  form  is  limited  to  special  occasions.  Consequently, 
though  pupils  take  notes  of  the  most  important  jxjints  in 
the  lessons,  yet  that  bad  practice  of  "  dictation  teaching," 
so  to  speak,  is  not  committed. 

As  understanding,  memory,  and  application  are  the  three 
essential  conditions  of  the  teaching  of  mathematics  there  is 
no  need  of  mere  extensiveness  and  abundance  of  teaching 
material,  but  it  is  desirable  to  repeat  important  points, 
omitting  matters  of  secondary  importance.  Teaching  should 
proceed  in  such  a  way  as  to  bring  about  correct  under- 
standing, faithful  memory  and  free  a]3plication. 

Scholarslup  of  teachers,  confidence  and  respect  of  pupils 
toward  their  teachers,  all  combined,  have  a  very  great  effect 
on  bringing  about  good  results  of  teacliing.  For  teachers  it 
is  advisable  to  take  heed  to  these  points.  In  intermediate 
education  such  a  tiling  as  the  study  of  the  forms  of  teacliing 
is  of  secondary  importance. 

(TV.)  Proficiency  in  Computation. 
The  aim  of  the  teaching  of  arithmetic  in  normal  schools 
is  to  affirm  and  regulate  the  knowledge,  wliicli  pupils  have 
already  acquired  in  elementary  schools,  to  make  up  deficiency 
and  miify  fragmental  knowledge,  and  at  the  same  time,  to 
improve  pupils'  comiJuting  ability.  As  computation,  above 
all,  lias  fundamental  importance  in  mathematics,  ability  in 
that  must  be  so  developed  as  to  form  the  basis  for  valid 
teaching.  As  a  matter  of  course  elementary  schools  are 
expected  to  give  such  a  thorough  training  in  computation 
that  in  schools  of  liigher  grades,  teaching  can  proceed  with 
full  confidence  in  the  pupils'  proficiency.  But  generally 
speaking  in  the  present  state  of  things  the  computing 
ability  of  matriculates  is  incomplete  and  not  uniform,  it  can 
not    be    relied    upon    at    all.     This    fact    gives    rise    to    the 
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necessity    of    making    xi])   the  deficiency  in  the  lower  classes 
in  normal  schools. 

At  j)i'esent  incomi)leteness  of  computation  ability  is  a 
fault  common  to  all  the  pupils  of  schools  of  every  grade. 
This  is  the  cause  of  the  unsatisfactory  result  of  the  teaching 
of  mathematics,  and  common  antipathy  against  mathematics 
may,  to  a  great  extent,  be  traced  to  this  lack  of  computa- 
tion ability.  This  is  an  undeniable  fact.  No  one  fails  to 
acknowledge  the  necessity  of  taking  some  measures  in  the 
way  of  investigating  the  causes  of  this  defect,  with  the 
making  up  of  the  deficiency  in  view.  Truly  how  to  develop 
the  computing  ability  of  pupils  is  the  fundamental  i^roblem 
to  be  studied  first  of  all,  when  the  question  of  the  reforma- 
tion in  the  teaching  of  mathematics  is  touched  upon.  In 
normal  schools  wliich  are  institutes  where  elementary 
school  teachers  are  trained,  this  problem  assumes  greater 
importance. 

My  private  opinion  on  this  point  is  that  immaturity  in 
comj)utations  comes  from  inexpertness  in  the  fundamental 
computation.  The  first  and  best  plan  for  increasing  com- 
putation ability  is  to  complete  the  fundamental  computation 
ability.  I  di'aw  this  conclusion  from  the  fact  that  all 
computations  are  combinations  of  the  fundamental  com- 
putation, and  from  the  results  of  my  experience  and 
investigation.  A  simple  method  devised  l)y  mj'self  based 
on  this  conclusion  is  the  use  of  the  following  diagram. 

Replacing  x  by  numbers  from 
0  to  9,  ten  series  of  successive 
addition  problems  are  made.  Re- 
placing X  by  number  from  45  to 
54,  ten  series  of  successive  subtrac- 
tion problems  are  made.  Each 
pupil  is  required  to  practice  com- 
putation by  himself,  the  standard 
of    proficiency    in    computation    being    considered     attained 
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Avlieii     lie     can     compute     all     tlie    series    of   addition    and 
subtraction  witli  no  mistake  in  less  than  a  minute. 

Both  theory  and  experiments  prove  this  method  to  be 
most  Talid  and  at  the  same  time  most  valuable  for  the 
purpose  of  promoting  and  regulating  computation  ability  in 
a  short  space  of  time. 

(Y.)  Promotion  of  Interest  in  Mathematics. 
In  order  to  promote  interest  in  mathematics,  to  foster 
the  habit  of  accurate  and  logical  observation  and  treatment 
"  the  funnel  method,"  as  it  were,  must  be  carefully  avoided 
and  pupils  must  l3e  led  in  such  a  way  as  to  make 
spontaneous  study  possible. 

The  following  points  may  be  mentioned  in  relation  to 
method  of  teaching  concerned  with  tliis  point. 

(«)  Stress  must  be  laid  on  j)i'6paration  work,  and 
X^upils  should  be  encouraged  to  solve  problems  by 
their  own  effort,  carefully  thinking  over  (factual  and 
operational)  relations. 
{!))  Since  mathematical  theory  develops  step  by  step 
the  knowledge  already  acquired  should  be  always 
reviewed  so  as  to  serve  as  the  basis  for  the  next 
lesson. 

(c)  To  assign  pupils  always  many  hard  problems 
brings  no  good  effect ;  on  the  contrary,  it  often 
blunts  the  x^^^pils'  contemplative  faculty  and  sup- 
presses their  interest  in  nuxthematics.  To  give 
them  problems  witliin  their  power  and  adequate  to 
the  state  of  their  progress,  and  to  make  them  enjoy 
full  gratification  of  success  by  solving  them,  to 
make  them  conscious  of  their  progress,  and  to  let 
them  have  cliances  of  sti-engtheniug  their  confidence 
in  their  own  abihty,  these  are  the  sources  by  which 
to  call  out  the  interest  of  pupils  in  mathematics. 

(d)  In    solving    problems    pupils    should    be  accustomed 
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not  to  be  satisfied  until  tliey  liave  got  answers 
complete  and  adequate  to  the  problems.  This  is 
not  only  proper  process  of  solution  of  problems,  but 
it  is  also  exceedingly  effective  for  promoting  interest 
in  reasoning  and  for  strengthen iug  self-confidence. 

(e)  Accuracy  of  thought  advances  liand  in  hand 
with  accuracy  of  expression.  Language  used  by 
both  teachers  and  pupils  in  explaining  problems,  in 
proving  theorems  or  rather  in  all  teaching  process, 
must  be  concise  and  accurate.  This  is  most  im- 
portant in  order  to  make  thought  accurate  and  to 
develoj)  rigorous  reasoning  power. 

(/)  Verification  of  identity  in  algebra,  examination  of 
roots  of  equation,  exercise  problem  of  geometiy, 
especially,  problems  concerning  locus  and  construc- 
tion, are  most  efficacious  for  training  of  reasoning 
and  promotion  of  interest. 

The  following  items  may  be  counted  among  tlie  causes 
of  that  general  antipathy  against  mathematics. 

(1)  Too  much  and  too  hard  materials  make  pupils'  under- 
standing imperfect  and  memoiy  inaccurate,  making 
acquired  knowledge  unfit  for  practical  use. 

(2)  OM'ing  to  immature  training  in  computation,  pupils' 
computing  ability,  in  general,  is  incomplete  so  that 
pupils  lack  ease  and  quickness  in  it.  Feelings  of 
uneasiness  and  trouble  always  tend  to  accompany 
their  computation. 

(3)  Lack  of  clearness  of  ideas,  inaccuracy  of  fundamental 
knowledge  and  incomplete  drill  all  combined  hinder 
the  ajjpli cation  of  acquired  knowledge. 

(4)  Fundmental  ideas  and  knowledge  concerning  mathema- 
tical quantities  which  have  relations  with  daily  life 
being  inaccurate,  they  become  unpractical. 

(5)  Choice  of  exercise  problems,  above  all,  problems  of 
application  is  imi)roper. 
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a.  Inadpquate  to  the  real  fact, 

h.  Too  hard. 

c.  Too  easy. 

d.  Redmidaiit  aud  tedious. 

e.  Lacking  iiuity  aud  connection. 

(6)  Ignorance  or  misapprehension  concerning  general  pur- 
poses or  principal  aims  of  branches. 

(7)  Methods  of  teaching  are  unsuitable.  Teachers  are  not 
zealous  enough  and  moreover  they  are  not  quite 
sufficiently  qualified. 

(8)  Methods  of  study  are  not  suitable,  esx)ecially  pupils 
lack  investigating  spirit. 

(9)  That  evil  custom  of  cramming  which  results  from 
defective  examination-systems  and  their  application,  is 
prevailing. 

(10)  Youth  generally  tends  to  indulge  in  reverie,  and  in 
consequence,  is  not  inclined  to  exact  mathematical 
observation  or  to  logical  reasoning. 

(VI.)     Cultivation  of  Mathematical  Common  Sense. 
(«)     Utilization  of  objects,  models  and  diagrams,  etc.,  is 
not    only    helpful    in     making    ideas    accurate    and 
understanding    easier,    but    it    is    also    necessary    in 
cultivating  mathematical  common   sense.     In    teacli- 
ing  arithmetic  or  geometry,  etc.,  it  is  desirable  that 
attention  be  paid  to  this  respect. 
The  following   may    be    mentioned    as    expedient    articles 
available  for  teaching  pmpose. 

(1)  Objects,  insti-uments,  models,  diagrams,  etc.  necessary 
to  teacliing  systems  of  weights  and  measures,  money, 
time  and  so  forth. 

(2)  Objects,  models,  specimens,  etc.  concerning  percentage, 
mail,  telegraph,  etc.  which  have  special  formulae  and 
customs. 

(3)  Insti'uments      for      explanation      of     mensm-ation     and 
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materials  of  various  forms  used  for  measurement. 

(4)  Simple  survej'iiig-iiistrumeiits  and  drawing-instruments. 

(5)  Models,    and    diagrams    necessary    for    the  teacliing  of 
geometry. 

(6)  Books  and  tables  of  statistics. 

(b)  Simple  surveying,  practice  in  the  use  of  weights 
and  measvires,  drawing,  making  of  statistical  tables 
or  making  of  models,  etc.,  are  all  effective   methods. 

(c)  Rough  computation,  rough  estimation  of  measm'es 
are  favorable  for  cultivation  of  mathematical  com- 
mon sense.  Practice  in  rough  computation  of 
length,  area,  capacit}',  weight,  angles,  time,  rough 
estimation  of  length  or  distance  by  means  of  the 
finger-breadth  or  foot-breadth,  or  by  velocity  of 
light ;  rough  estimation  of  time  by  the  number  of 
pulse-beatings  and  respiration ;  comxxitation  of 
capacity  of  utensils  by  the  application  of  the  law 
of  specific  gravity,  the  relation  which  exists  between 
the  weight  of  water  and  its  capacity ;  these  are  all 
to  be  encouraged. 

(d)  As  regards  problems  of  daily  necessity,  imparting 
of  accurate  knowledge  and  promoting  of  application 
ability  must  be  aimed  at.  Adequate  ideas  concern- 
ing social  customs  and  public  regulations  must  be 
given  to  pupils. 

(e)  Exercise  problems,  above  all,  application  problems 
must  be  so  chosen  that  they  have  relation  with 
practical  life  as  closely  as  possible.  Numbers  and 
measures  should  be  selected  with  actuality  in  view. 
Problems  of  daily  life,  matters  learnt  in  other 
branches  ai'e  all  available  materials.  Imaginary 
problems  wliich  have  no  direct  relation  to  life 
rather  tend  to  diminish  the  common  sense  of  the 
pupils. 
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(Yn.)  Characteristics  of  Lessons  Concerning 
Methods  of  Teaching. 
(«)  The  i3rincipal  aim  of  the  teaching  of  arithmetic  is 
to  regulate  and  complete  the  knowledge  of  pupils, 
already  acquired  in  elementary  schools.  Tlie 
practical  side  of  mathematics  such  as  thorough 
familiarization  with  computation,  and  solution  of 
appUed  problem  should  receive  gi'eater  attention 
than  sul)jects  of  general  theory  Avhich  should  rather 
he  taught  in  algebra  and  geometry.  In  arithmetic 
thorough  familiarization  with  the  application  of 
fundamentsxl  rules  is  most  desirable.  In  teaching 
arithmetic  attention  must  l^e  paid  to  letting  pupils 
know  well  the  matters  connected  with  the  teaching 
of  arithmetic  in  elementary  schools.  For  example, 
use  of  black-board,  presentation  of  problems,  de- 
monstration of  i)rinciples  and  rules  of  calculation, 
and  simple  explanation  of  solutions  of  applied 
problems,  construction  of  simple  models  and  the 
ways  of  using  them,  should  l^e  taught  in  such  a 
way  that  they  can  be  applied  to  the  teaching  in 
elementary  school  or  at  any  rate  with  such  object 
in  yiew. 

(h)  As  algebra  is  a  lesson  which  is  to  be  taught  for  the 
first  time  in  normal  schools,  it  will  be  better  to 
connect  it  with  ai'ithmetic,  and  to  use  the  knowledge 
of  arithmetic  as  a  basis.  Theorems  and  rules  taught 
in  algebra  must  be  kept  in  close  touch  with 
arithmetic  when  they  relate  to  similar  problems. 
In  arithmetic,  application  or  practical  computation 
is  more  important  than  theory,  while  in  algebra  the 
reverse  is  the  case,  i.e.  rigour  of  theory  is  of  greater 
impostance. 

(c)  Geometry  is  a  lesson  entirely  new  to  pupils;  no 
similar  subject  being  taught  in    elementary    schools, 
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pupils  should  be,  from  the  very  begining,  carefully 
accustomed  to  rigorous  treatment.  Since  the  average 
age  of  pupils  in  normal  schools  is  above  fifteen,  no 
special  difficulty  or  trouble  is  felt  in  the  teaching 
of  systematic  geometry  from  tlie  start,  and  yet 
beginiiers  will  receive  great  help  by  means  of 
models  and  other  expedient  teaching  ai'ticles  and 
real  instances.  Thus  -they  will  give  correct  ideas  of 
geometrical  figures  and  quicken  pupils'  understand- 
ing. The  essential  object  of  the  teacliing  of 
geometry  is  to  make  thinking  accurate,  to  develop 
reasoning  power,  to  promote  interest  in  mathematics 
by  rigorous  proofs  and  logical  treatment.  Therefore 
accurate  understanding  of  propositions,  faithful 
memory  of  axioms  and  theorems,  rigorous  demon- 
stration of  theorems,  and  expression  in  concise  and 
accurate  language,  are  strictly  demanded  from  the 
outset.  Pupils  find  the  greatest  difficulty  in  the 
demonstration  of  problems  of  locas  and  in  the 
examination  of  prol)lems  of  construction,  but  it  is 
the  best  material  for  tlie  teaching  of  geometry.  In 
teaching  them,  rigorous  demonstration  and  careful 
examination  must  always  be  kept  in  mind.  Among 
the  theorems  of  geometry  there  are  many  which  are 
I'elated  with  the  elements  of  mensuration,  elements 
or  application  of  ratio.  Their  application  to 
arithmetic  must  not  be  forgotten. 

(Vm.)  Methods  of  Teaching  Arithmetic 
in  Elementary  Schools. 
Methods  of  teaching  arithmetic  in  elementary  schools 
should,  as  a  matter  of  course,  be  such  that  it  is  taught  as  a 
part  of  lessons  in  arithmetic.  But  in  most  cases  explanation 
of  separate  problems  and  methods  of  computation  thereof 
being  given,   pupils    receive    only    some   fragmental  hints  of 
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instruction  as  to  motliods  of  teaching.  Tliey  need  systematic 
instruction  in  the  general  elements  of  the  methods  of 
teaclung  and  tlieir  applications.  Essentials  of  teaching, 
choice  and  ari'angement  of  teaching  materials,  and  their 
ti'eatment,  detailed  notices  concerning  teaching,  instruments 
and  books,  must  be  taught,  and  at  the  same  time  pupils 
should  have  practice  in  them.  Usually  about  twenty  hours 
are  assigned  to  the  methods  of  teaching,  and  its  x)i"actice  is 
done  in  the  attached  elementary  schools  under  supervision 
of  teachers. 

(IX.)  Connections  with  Other  Lessons. 
Not  a  few  matters  Avliich  are  concerned  with  number, 
measure,  and  computation,  are  found  in  other  lessons, 
especially,  in  natural  science.  Such  branches  as  physics  or 
geograx^hy  can  never  be  treated  independently  of  mathema- 
tical knowledge.  In  order  to  have  connections  and  unity 
among  several  branches  it  is  very  important  to  get  there- 
from materials  for  problems  in  arithmetic,  algebra,  etc.. 
Moreover,  as  imaginary  problems  make  very  often  the 
practical  value  of  mathematics  questionable,  it  is  most 
desirable  to  give  pupils  problems  relating  to  the  real  facts, 
learnt  in  other  branches,  if  possible.  But  in  the  lessons  of 
arithmetic  and  algebra,  etc.  in  the  preparatory  course  or  in 
the  lower  classes  of  the  •  regular  course,  i)upils  are  unable 
to  understand  the  meanings  of  those  problems,  while  in  the 
higher  classes  more  stress  is  laid  on  the  systematic  study 
of  algebra  and  geometry,  arithmetic  being  taught  only  by 
way  of  supplement.  This  state  of  things  makes  it  difficult 
to  introduce  these  practical  problems.  Again,  since  ma- 
thematics has  its  own  aim  apart  from  other  branches  and 
it  is  the  basis  of  other  branches  rather  than  their  applica- 
tion, if  too  much  attention  is  j)aid  to  such  connections,  it 
may  iucur  the  danger  of  demolishing  its  x)roper  aim.  As  it 
is    the    case,    there    naturally    should    be    a   certain  limit  to 
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inclnding   matters    of    other    brandies    in    the    teaching    of 
mathematics. 

Judging  from  the  nature  of  the  thing,  it  is  a  most 
reasonable  request  to  make  use  of  the  matters  taught  in 
mathematics,  for  the  purpose  of  connection  and  unification 
of  other  branches.  For  example,  such  things  as  to  apply 
principles  of  mathematics  as  means  of  explaining  laws  of 
physics  ;  to  assign  f)npils  computation  prol)lems  of  physics  ; 
to  give  explanation  of  calendar  in  teaching  geography  ;  the 
setting  of  computation  problems  concerning  longitude-and- 
time  relation ;  the  trial  of  geometrical  i)roof  in  teaching 
mechajiical  drawing,  are  to  be  much  encouraged.  It  may 
be  of  no  Httle  importance  to  study  what  points  of  mathema- 
tics are  related  to  points  of  other  subjects  and  how  and  to 
what  extent  or  degree,  but  as  such  a  study  rather  lies 
w^itliin  the  realm  of  methods  of  teaching  of  other  branches, 
we  will  not  go  into  details  here. 

CHAPTER  V. 

Recent  Tendency  of  the  Teaching  of  Mathematics. 

(A)     Constitution  of  Branches. 

Trigonometry  is  not  taught  in  normal  schools  at  present 
but  the  necessity  of  teaching  it  is  being  gradually  felt.  It 
is  not  as  yet  taught  systematically  as  an  independent  subject, 
though  something  of  it  is  given  as  part  of  gemetry.  Some 
prefer  to  include  trigonometry  at  the  expense  of  omitting 
some  part  of  algebra  and  geometry. 

Book-keeping  is  taught  within  mathematics,  but  as  it 
has  but  little  connection  with  other  branches  of  mathematics 
some  are  of  the  opinion  that  it  would  be  better  to  teach  it 
as  a  part  of  commerce.  No  necessity  is  felt  of  adding  the 
elements  of  analytic  geometry  and  differential  and  integral 
calculus  to  the  normal  school  curriculum.  To  keep  the  con- 
nections between  several  branches  and  modifying  the  system 
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of  tencliiug  with  this  end  in  view  may  be  looked  upon  as 
the  new  tendency.  But  the  partitions  between  different 
branchs  are  not  entirely  removed  and  again  there  is  no 
sufficient  reason  for  doing  so.  Tlie  points  on  which  all  are 
agi'eed  upon  are  these  : — To  pay  attention  to  the  arrange- 
ment of  teaching  materials,  to  teach  related  matters  at  the 
same  time  if  possible,  to  omit  duplicated  matters  from  one 
branch,  only  teaching  them  in  the  other  branch,  to  allow 
freedom  of  referring  to  one  another,  concerning  the  apj)li- 
cable  principles  and  laws,  and  thus  to  try  to  have 
unification  of  branches  and  at  the  same  time  spare  time  and 
energy.  The  main  purpose  of  the  syllabus  issued  most 
recently  is  to  teach  aritlimetic  in  connection  with  algebra 
and  geometry,  not  to  treat  it  systematically  as  an  in- 
dependent branch,  while  in  reality,  to  teach  arithmetic 
essentially  and  algebra  and  geometry  only  for  the  purpose 
of  making  arithmetical  knowledge  accurate.  But  such  a 
method  of  teacliing  seems  to  have  many  disadvantages, 
and  to  cause  confusion,  and  is  liable  to  produce  a  result 
contrary  to  the  original  purpose. 

In  normal  schools  (especially  in  the  case  where  there  is 
no  preparatory  course)  arithmetic  should  be  taught  systema- 
tically, and  in  the  teaching  of  algebra  and  geometry 
measures  must  bo  taken  to  keep  connections  with  arithmetic. 
Tliis  is  not  only  more  advantageous  in  fulfilling  the  original 
aim  of  arithmetic  itself,  l)ut  it  is  also  more  convenient  for 
the  utilization  and  development  of  different  branches.  All 
acknowledge  tliis  truth. 

(B)     Aim  and  Subject-matter. 

The  recent  tendency  concerning  the  aim  of  the  teaching 
of  mathematics  attaches  more  importance  to  the  practical 
side  and  to  the  knowledge  which  is  only  necessary  for 
elementary  school  teachers.  Such  a  tendency  is  nothing 
but  the  result  of  transient  influence  of  utilitarianism  and 
short-sightedness  now  prevalent  in  the  "  Zeitgeist." 


28  NORMAL  SCHOOLS  FOR  PREPARING  [art.  vi. 

Normal  schools  are  not  professional  schools,  but  institutes 
to  train  would-be-educators  of  the  nation.  So  there  must 
naturally  be  some  difference  between  pupils  of  normal 
schools  and  those  who  have  made  up  their  minds  to  go 
into  some  special  business  or  profession.  The  knowledge 
which  is  indispensable  as  the  higher  common  education 
must  receive  due  attention  as  well  as  knowledge  and  arts 
directly  necessary  for  their  future  profession.  The  tendency 
to  regard  algebra  and  geomotry  as  sub-branches  of  arithmetic 
may  have  originated  in  that  shallow  utilitarimi  view. 
However,  in  the  second  regular  course,  pupils  are  those 
who  have  finished  their  higher  common  education,  and  the 
aim  of  their  training  consists  in  giving  professional  educa- 
tion necessary  as  elementary  school  teachers ;  so  it  is  right 
to  teach  only  arithmetic,  omitting  algebra  and  geometry. 

Utilitarianism  tends  to  reign  also  in  the  choice  of  teaching 
materials.  If  too  much  stress  is  laid  only  on  the  matters 
of  immediate  use  in  elementary  schools,  pupils'  knowledge 
becomes  gradually  lower  and  shallower,  and  the  interest 
inherent  to  different  branches  of  study  will  entirely  be  lost. 
Teaching  will  lose  its  nobler  qualities  and  will  be  regarded 
only  as  a  means  of  bread  winning.  Therefore,  in  the  choice 
of  subject-matters  care  must  be  given  to  the  practical  side 
on  one  hand  and  to  the  purely  theoretical  side  on  the  other. 
The  view  that  the  x)rogress  of  education  must  go  in  advance 
of  the  tendency  of  the  times  may  be  very  appropriately 
cited  also  in  this  case. 

Under  similar  circumstances  the  importance  of  deve- 
lopment of  intellectual  x^owers  and  promotion  of  interest  is 
forgotten,  and  accumulation  of  knowledge  is  emphasized  too 
much.  As  the  result  of  this  tendency  both  teachers  and 
pupils  crave  for  abundance  of  matters  taught,  and  try  to 
teach  and  learn  by  the  simplest  method  possible. 

But  since  the  evils  of  such  teaching  have  been  found 
out,    attention    has    begun    to    be    paid    to    the    choice    of 
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materials,  so  tbxt  materials  may  be  well  assimilated  and 
become  vivid  knowledge.  And  at  the  same  time  develop- 
ment of  tlie  intellect  and  promotion  of  interest  also  have 
begirn  to  be  emphasized.  Emphasis  on  compntation  pro- 
blems, ende^avour  to  form  clc^ar  and  accurate  ideas  of  function, 
teacliing  of  methods  of  utilization  of  diagrams  are  other 
phenomena  of  the  recent  trend. 

Some  topics  given  below  may  be  omitted. 

1.  From  arithmetic. 

Short  methods  of  calculation. 

Four  rules  of  recun-ing  decimals. 

Multiples  of  7,  9,  11,  13,  19,  etc., 

Theory    of    the    gi'eatest    common    measure    and    the 

least  common  multiple  (given  in  algebra). 

Square  roots,  cube  roots  (given  in  algebra). 

Complex    j)i'oblei^s    of    compound    interest    (given  in 

algebra). 

Progression  (given  in  algebra). 

Foreign    systems    of    weights    and     measures    not    in 

common  use. 

2.  From  algebra. 

Comx)licated  study  of  inequality. 

Theory  of  maxima  and  minima. 

Theory    of    symmetrical    expressions    and    alternating 

expressions, 

Harmonical    progression    and    other    complicated   pro- 

gi"essions. 

Binomial  theorem. 

Complex  problems  of  permutation  and  combination. 

Complex  problems  of  simultaneous  equations  of  higher 

than  the  second  degi'ee. 

Complex    computation    of    in-ational    expressions    and 

general  exponential  expressions. 

3.  From  geometry. 

Iiatio    and    Proportion    based    on    the    Euclidean    de- 
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finition. 

Properties  of  spherical  figures. 

(C)     Examination. 

There  is  a  mistaken  idea  now  prevalent  that  promotion 
and  graduation  are  the  fundamental  aim.  This  is  a 
ti'ansient  phenomenon  that  had  its  origin  in  utilitarianism. 
Some  have  become  aware  of  this  deplorable  tendency, 
and  are  making  earnest  investigation  into  the  merits  and 
demerits  of  examinations.  Some  discuss  the  reform  of 
methods  of  examination  while  others  want  to  abohsh  them 
entirely.  But  most  of  their  opinions  are  either  disputes  of 
minor  importance  or  contentions  of  trivial  moment  which 
were  produced  from  inaccuracy  of  the  definition  and  vague- 
ness of  the  aim  of  examinations. 

There  are  some  who  go  even  so  far  as  to  say  that  to 
abohsh  examinations  entirely  is  to  consider  examination  to 
be  everytliing.  If  we  go  into  details,  neglecting  the  funda- 
mentals, and  discuss  means  not  caring  for  the  aim,  no 
convincing  conclusion  can  be  reached. 

Tlie  fundamental  problem  is  to  make  teachers  and 
pupils  truly  understand  that  the  true  aim  of  education 
consists  in  developing  intellectual  faculties,  refinement  of 
moral  feelings,  and  that  promotion  is  the  natural  result  of 
right  acquisition,  and  is  nothing  but  impartial  and  proper 
means  to  make  the  rational  proceeding  of  teaching  possible, 
and  that  graduation  is  simply  a  recognition  of  the  whole 
acquisition.  If  this  fundamental  question  is  settled  to  our 
satisfaction,  the  examination  question  will  be  of  minor  im- 
portance and  be  solved  of  itself.  Such  dispute  as  the  one 
between  those  who  wish  to  abolish  examination  entirely  and 
those  who  consider  examinations  as  everything,  is  unworthy 
of  much  attention.  It  surely  must  be  most  undesirable  to 
irritate  youthful  feeling,  and  to  force  study  by  means  of 
examinations,  but  in  cases  where  teachers  be  not  competent 
for    proper    teaching    and    pupils    lack     good     practice     of 
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acquisition,  tlie  measure  of  utilizing  examinations  in  order  to 
reach  the  true  aim  of  education  may  be  excusable. 

{D.)     Methods  of  Teaching. 

Methods  of  teaching  in  intermediate  schools  have  been 
neglected  and  have  remained  undeveloped,  while  those  in 
elementary  education  have  been  much  studied  and  have 
made  i-emarkable  progi'ess.  But  lately  there  have  axjpeared 
many  persons  who  acknowledge  the  necessity  of  studying 
methods  of  teaching  and  who  pay  much  attention  to  tlie 
study  of  adolescent  psychology.  Caution,  of  course,  must  be 
-taken  not  to  stick  too  much  to  troublesome  methodology. 
Tliere  remains,  however,  much  room  for  further  ^wogress  and 
development  for  the  study  of  methods  of  teaching. 

In  the  teaching  of  mathematics,  as  a  result  of  utilitarianic 
education,  only  acquisition  of  knowledge  is  aimed  at,  and 
value  of  learning  itself  remains  unrecognized  (development 
of  observation  faculty,  promotion  of  reasoning  power,  in- 
crease of  interest  in  mathematics,  etc.). 

Consequently  teaching  tends  generally  to  become  gluttonous 
and  the  pupils'  attitude  towards  study  passive.  Resulting 
from  the  same  cause  they  bother  themselves  with  applica- 
tions only  neglecting  the  study  of  the  fundamentals,  and 
devote  themselves  to  the  exercise  of  application  problems, 
putting  aside  the  logical  study  of  theorems  and  rules. 
Either  from  the  ix)int  of  view  of  the  fundamental  aim  of 
education  or  that  of  mathematics  teaching,  these  tendencies 
must  surely  be  reformed.  It  is  generally  recognised  that 
the  deficiency  of  mathematical  common  sense  and  immaturity 
in  computation  are  x^rimary  causes  of  the  general  poor 
result  of  the  teacliing  of  mathematics,  and  there  is  some 
tendency  to  make  effort  to  solve  absolutely  the  problems 
relating  to  methods  of  training  in  computation  and  cultiva- 
tion of  mathematical  common  sense.  As  the  j)i'bnary  causes 
of  the  deficiency  of  mathematical  common  sense,  that  is  to 
say,    inaccm'acy    of   practical  knowledge  of  mathematics,  the 
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following  may  be  mentioned. 

a.  Negligence  of  intnitive  expedient  articles. 

b.  Negligence  of  experimental  methods  of  teaching. 

c.  Inadequacy    to  the  real  fact  concerning  the  choice  of 
application  problems  and  their  treatment. 

The  time  is  gone  when  mathematics  was  considered  to 
be  tanght  with  text-books  and  chalk  only,  to-day  the  value 
of  intuitive  teaching  is  widely  recognized  aud  no  one 
doubts  the  necessity  of  experimental  teaching.  Especially 
for  the  treatment  of  common  weights  and  measures  for  the 
teaching  of  practical  computation,  instruments,  specimens,  dia- 
grams, etc.  are  recognized  to  be  indispensable.  Experimental 
teaching  is  encouraged  and  the  demand  for  the  establish- 
ment of  the  mathematical  laboratory  and  the  depository  for 
mathematical  reference  articles  is  considered  reasonable. 

As    the  result    of   this    tendency  the   following  prepara- 
tions have  come  to  be  generally  approved. 

(a)  In  teaching  systems  of  weights  and  measures,  money 
or  computation  of  compound  numbers,  objects, 
models,  and  diagi-ams,  etc.  should  be  used  and 
lessons  should  be  given  in  actual  handling  of  in- 
struments and  in  actual  surveying. 
(h)  In  teaching  mensuration  accurate  ideas  of  figures 
should  be  given  intuitively,  its  computation  being 
explained  by  means  of  actual  measurement,  ex- 
periments, and  illustrations.  Its  application  should 
de  practiced.  In  teaching  geometrical  theorems  which 
have  direct  bearing  on  mensuration,  computation 
problems  should  be  assigned,  care  being  taken  at 
the  same  time  to  verify  by  experiments. 
(c)  Mensiu'ation  should  be  taught  concerning  not  only 
regular  forms,  but  also  irregular  ones,  computation 
of  which  mfij  be  performed  indirectly  by  means  of 
applications  of  the  law  of  specific  gravity.  Its 
application  to  common  utensils  in  daily    life   should 
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be  tiikon  into  account. 

(d)  As  rognrds  the  niattci"s  of  percentage,  mail,  telegi'aph 
tliat  liave  definite  customs  and  formulae,  objects, 
specimens  should  be  shown  and  practical  instruc- 
tion given. 

((')  In  teaching  plane  geoinetry  when  x)roving  theorems, 
not  to  sj)eak  of  construction  prol)lems,  figures  should 
be  as  accurately  drawn  as  possible.  Straight  lines, 
circle,  arcs,  etc.,  should  be  drawn  by  the  use  of 
rulei-s,  compasses,  etc.,  and  thus  agreement  between 
thought  and  expression  kept  always  in  view. 

{/)  In  solid  geometry  ideas  of  space  should  he  given 
directly,  utilizing  models  of  figures  or  whips,  f)encils, 
desks  or  surface  of  the  black-board  in  order  to 
help  pupils'  imagination.  Even  in  cases  wlien 
explained  by  plane  figures  indirectl}',  pupils  should 
^  be  .'-•o  trained  as  to  imagine  real  figures. 

(g)  As  regards  the  matters  of  surveying  in  geometry, 
and  trigonometry,  methods  of  practical  surveying 
should  be  taught  and  practised. 

(//)  It  should  be  seen  to  tliat  ax^plication  x^roblems  in 
arithmetic  and  algebra  be  adequate  to  real  life. 

(i)  Let  pupils  construct  themselves  simple  diagrams, 
models,  instruments  of  mathematics  in  their  manual- 
work  and  drawing  lessons. 

As  regards  tendencies  of  the  study  of  adolescent 
psychology,  the  following  are  some  of  the  problems  which 
are  earnestly  investigated  and  studied. 

1.  Problem  of  interest. 

2.  Problem  of  fatigue. 

3.  Pnjblem  of  associatit)n  of  ideas. 

4.  Problem  of  concentration  of  attention. 

5.  Problein  of  economy  of  mental  energy. 

6.  Problem  of  relations  of  mind  and  body. 

7.  Problem     of     association     between    teachers    and 
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pupils. 
8.     Problem  of  modes,  forms  and  orders  of  teacliing. 

CHAPTER  VI. 

Candidfites  for  Teachers. 
Teacliers  of  normal  schools  consist  mainly  of  graduates 
of  the  higher  normal  schools  and  graduates  of  the  teachers 
training  institiites  which  are  attached  x^Gi'^^'^^is^^^^y  or 
temjxjrarily  to  the  higher  technical  schools,  the  higher 
commercial  schools,  the  higher  middle  schools  or  the 
universities.  Some  are  taken  from  among  graduates  of  the 
universities  or  those  who  passed  the  teachers'  license  ex- 
aminations conducted  by  the  Department  of  Education. 
About  the  training  of  these  teachers  of  normal  schools, 
Art.  Vn  of  these  reports  is  to  be  consulted. 
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TRAINING  OF  MALE  TEACHERS 

FOR 

INTERMEDIATE  SCHOOLS. 

rNTRODUCTORY  KEMAKS. 

The  term  "  intermediate  schools  "  in  this  report  comprises 
normal  sch(X)ls,  normal  schools  for  women,  middle  schools, 
and  girl's  liigh  schools.  Sej)arate  reports  are  to  be  made  ou 
the  teaching  of  mathematics  in  each  kind  of  schools.  In 
tliis  I  shall  report  merely  how  teachers  of  mathematics  for 
these  schools  are  trained  and  supplied  in  Japan.  Of  these 
schools,  in  girl's  high  school,  normal  schools  for  women,  and 
women  departments  of  some  normal  schools,  both  male  and 
female  teachers  are  employed.  The  present  rej^ort  is  to  deal 
with  the  training  of  male  teachers  only  for  these  schools. 

Now,  these  teacliei"s  are  trained  in  the  higher  normal 
schools  and  in  the  teachers'  training  temporary  institute,  all  of 
which  were  established  by  the  Government  especially  for  this 
purpose.  The  graduates  of  all  these  institutes  are  given 
teacher's  licenses  for  intermediate  schools  thi-oughout  the 
Empire.  Besides  these  government  institutes,  there  is  a 
private  school  in  Tokyo,  called  the  Tok5'o  Butsm-i  Gakko 
(lif.  Physics  School  at  Tokyo),  most  of  the  graduates  of 
which  go  out  to  teach  in  middle  schools.  The  gi-aduates  of 
this  school,  however,  are  required,  in  order  to  obtain  teacher's 
licenses,  to  pass  the  examination  conducted  by  the  Educa- 
tional Department  every  year.  Recently  the  Waseda  Univer- 
sity, another  private  institute  in  Tokyo,  has  established  a 
higher    normal    course,    which     contains    a     branch    for    tlio 
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training  of  teachers  of  raatliematics.     Graduates  of  this  course 

^as  yet  there  liave  been  none ,  has  also    to  pass    tlie 

examination  before  they  can  receive  teacher's  licenses.  How- 
ever, the  directors  of  these  private  institutes  may  ask  the 
Government  for  the  privilege  of  their  graduates  of  high  scho- 
larsliip  receiving  teacher's  licenses  without  examination.  I 
am  told,  that  the  director  of  the  Tokyo  Butsuri  Gakko  have 
not,  and  will  not,  make  such  an  application. 

Teachers  of  mathematics  in  Japan,  like  those  of  other 
subject,  must  have  teacher's  licenses  in  order  to  become 
regular  teachers  with  the  title  "  Kyoya  "  ;  otherwise,  however 
learned  and  proficient  they  may  be,  they  are  known  as 
"•  Kyoyu  Kokoroe "  (temix)rary  or  substitute  "  Kyoyu "), 
assistant  "  Kuoifu,'''  or  assistant  "  Kyoyu  Kokoroe.'"  These 
licenses  are  gi'anted  either  to  those  wlio  pass  the  examina- 
tion or  to  those  who  are  considered  able  to  pass.  Those  to 
whom  teacher's  licenses  in  mathematics  are  given  without 
examination  should  come  under  some  one  of  the  following 
heads,  besides  the  graduates  of  the  higher  normal  schools 
and  of  the  teachers'  training  temporary  institute  :  — 

1.  Graduates  of  the  l^elow- named  schools,  or  their 
special  courses,  having  tlie  special  recognition  of  the  Minis- 
ter of  Education. 

Mathematical  com'se,  astronomical  course,  theore- 
tical physics  course,  experimental  physics  course,  of 
the  Science  College,  Tokyo  Imperial  University. 

Mathematical  coiu'se,  physics  course  of  the  Science 
and    Engineering    College,     Kyoto    Imperial    University. 

(Mathematical  course,  physics  course  of  the  Science 
College  of  the  newly  founded  Tohoku  Imperial  University 
will  come  under  this  class,  most  probably  in  the  near 
futm'e.) 

2.  Graduates  of  a  normal,  a  middle,  or  a  girls'  high 
school,  who  have  studied  three  or  more  years  at  any  of  the 
schools  recognized   by    the    Minister   of    Education    in    con- 
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nectiou  witli  teiclior's  qualifications.  (Gi-aduates  of  tlio 
girl's  high  school  Iiiiving  a  fi^'e  years'  course  are  required 
to  take  in  these  scliools  only  a  couree  of  two  years  instead 
of  three.) 

3.  Graduates  of  a  normal,  a  middle,  or  a  girls'  liigh 
school,  Avlio  liave  studied  abroad  at  a  university  or  at  a 
school  of  simibir  gi-ade,  and  have  degi'ees  or  diplomas  from 
such  scliools. 

4.  Graduates  of  schools  abroad  similar  in  grade  to  a 
normal,  a  middle,  or  a  girls'  high  school  in  Japan,  who 
have  studied  at  a  university  or  at  a  school  of  similar  grade 
abroad,  and  have  degi'ees  or  diplom;xs  from  such  schools. 

5.  Persons  who  have  teachers'  licenses  for  schools  equal 
in  grade  to,  or  liigher  than,  the  one  in  which  they  wish  to 
teach. 

(Tlie  gi'aduates  of  the  higher  normal  schools  and  of  the 
teachers'  training  temp^rai-y  institute  of  course  receive 
teachers'  licenses  without  examination.) 

As  the  higher  normal  schools  and  the  teachers'  train- 
ing temi3orary  institute  were  established  by  the  Government 
specially  for  the  purjKJse  of  training  teachers  for  intermediate 
schools,  I  shall  herein  give  a  description  of  these  institutes.  As 
for  the  ti'aining  wliich  other  licensed  teachers  have  received, 
it  will  be  covered  hj  other  descriptions  specially  prepared. 
For  example,  the  kind  of  education  wliicli  tlie  graduates 
from  the  science  department  of  the  imperial  universities 
have  received,  will  be  explained  under  the  special  heading 
of  the  Universities.  As  for  the  examination  for  intermediate 
school  teachers  conducted  l>y  tlie  Department  of  Education, 
I  shall  give  a  description  of  it  at  the  end  of  this  report. 
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THE  HIGHER  NORMAL  SCHOOLS 

The  higher  normal  schools,  Avhich  aim  at  preparing 
male  teachers  for  intermediate  schools,  are  situated  in 
Tokyo  and  Hiroshima,  (Those  for  training  female  teachers 
are  in  Tokyo  and  Nara.  As  previously  stated,  however, 
the  subject  of  female  teachers  does  not  fall  within  the  scope 
of  this  report.)  There  is  not  much  difference  between  these 
two  liigher  normal  schools  in  their  systems  and  curricula. 
The  former  was  first  established  in  1872  and  has  arrived 
at  its  present  condition  after  many  changes ;  while  the  latter 
was  founded  in  1902.  Both  institutes  exist  in  accordance 
with  the  Imperial  Ordinance  relating  to  normal  education 
issued  in  1897.  They  are  the  institutes,  existing  for  the 
training  of  teachers  for  normal  schools,  middle  schools,  and 
girls'  high  schools. 

Each  Ingher  normal  school  has  a  four  yeai-s'  course, 
one  year  preparatory  and  three  years'  regular  course.  The 
preparatory  course  is  provided  equally  for  students  prepar- 
ing to  be  teachers  of  mathematics  and  for  those  desiring  to 
be  teachers  of  other  subjects.  Tlie  regular  course,  in  which 
only  special  subjects  are  taught,  is  divided  into  five  de- 
partments :  (I)  department  of  Japanese  and  Chinese,  (IT) 
department  of  English,  (III)  department  of  geography 
and  history,  (IV)  department  of  mathemstics,  phj^sics 
and  chemistry,  (V)  department  of  natural  history. 
Mathematics  is  taught  both  in  the  ]3i'6pai"'"»'tory  coiu-^e, 
which  is  common  to  all  the  departments,  and  in  tlie  de- 
X)artment  of  mathematics,  j^hysics  and  chemistry,  which,  in 
its  turn,  is  divided  into  two  minor  divisions,  one  for 
mathematics  and  physics,  and  the  other  for  physics  and 
chemistry.  Teachers  of  mathematics  for  intermediate  schools 
are  trained  in  the  first  of  these  divisions. 

Students  entering  the    preparatory    course    of   the    higher 
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normal  schools  are  mostly  graduates  of  middle  schools,  and 
of  normal  schools,  or  students  recognized  to  have  schoLir- 
ship  equal  to  that  of  the  graduates  of  either  of  these  schools. 
In  the  Tokyo  Higher  Normal  School,  out  of  the  applicants 
from  all  parts  of  the  Empire  only  those  are  admitted  who 
have  the  highest  grade  in  the  entrance  examination.  At 
present,  in  the  department  of  mathematics,  physics  and 
chemistry,  about  50  are  admitted  as  preparatorj^  students, 
out  of  300  or  400  applicants.  But  in  the  Hiroshima 
Higher  Normal  School,  two  students  are  admitted  from  each 
prefecture  who  are  selected  by  the  prefectural  governments 
from  among  the  applicants  in  the  respective  provinces.  In 
this  school,  therefore  there  is  no  special  examination  for 
{idmission.  The  number  of  students  admitted  yearly  to  this 
school  is  less  than  that  of  those  admitted  to  tlie  Tokyo 
Higher  Normal  School. 

In  both  of  these  schools,  preparatory  students  are  ad- 
mitted early  in  April  every  year,  and  the  average  age  of 
the  students  in  the  following  month  (May)  is  about  21 
years.  Consequently  the  average  age  in  the  first  year  of 
regular  course  is  22,  that  in  the  second  year  23,  and 
in  the  third  year  24.  The  average  age  of  the  graduates, 
therefore,  is  about  25,  which  is  the  lower  limit  in  age  of 
intermediate  school  teachers  supphed  by  the  higher  normal 
schools. 

The  students  in  the  preparatory  course  of  the  Tokj'o 
Higher  Normal  School  are  required  to  take  thirty  hours' 
recitations  a  week — of  which  four  hours  a  week  are  devoted 
to  mathematics, — making  a  total  of  160  hours  a  year,  the 
prescribed  vacations  not  being  included.  Twenty  to 
twenty-five  hours  a  year  are  given  to  arithmetic,  forty 
to  fifty-five  hours  to  algebra,  some  fifty  hours  to  geometry, 
and  about  tliirty  hours  to  plane  trigonometry.  Tlie  materials 
of  the  subjects  are  arranged  with  reference  to  the  knowledge 
of  the  students    aheady    acquired    in    middle    schools    or   in 
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normal  schools  prior  to  enteriug  this  school  where  fuller  and 
more  advanced  information  on  the  subject  is  imparted. 
Although  the  requirements  in  mathematics  are  somewhat 
more  strict  in  the  case  of  students  preparing  for  the  de- 
partment of  mathematics,  physics  and  chemistiy,  than  for 
those  of  any  of  the  otlier  departments,  3'et  in  general  this 
subject  is  taught  with  equal  emphasis  to  all  the  students  in 
the  preparatory  course.  Nearly  the  same  instruction  is 
given  in  the  preparatory  coui-se  of  the  Hiroshima  Higher 
Normal  School. 

The  list  of  subjects  in  geometry  and  trigonomentry 
given  to  the  preparatory  students  two  hom-s  a  week  through- 
out the  whole  year  is  in  some  cases  as  follows  :  — 

Rapid  review  of    plane    geometry. 

Geometry  in  space :  Straight  lines  and  planes  in 
space.  Parallel  straight  lines  and  planes.  Perj^endicular 
straight  lines  and  pknes.  Dihedral  angles  and  polyhedral 
angles. 

Polyhedrons  :     parallelepipedons,  prisms,  pyramids. 

Regular  polyhedrons  :  Euler's  theorem.  Five  species  of 
regular  polyhedrons. 

Comparison    of    the    volumes    of    polyhedrons. 

Circular  cyhnders,  circular  cones  and  spheres  :  surfaces  and 
volumes  of  these  solids,  fnista  of  cones,  spherical  sectors  and 
spherical  segments. 

Plane  trigonometry  :  Definition  of  trigonometric  functions 
of  an  acute  angle.  Relations  of  trigonometric  functions  of 
acute  angles.  Values  of  trigonometric  functions  of  x>articular 
angles.     Tables  of  natural  trigonometric  functions. 

Relations  of  sides  and  angles  of  a  right  angled  triangle. 
Applications. 

Extension  of  the  definitions  of  trigonometric  functions 
for  any  angle. 

Sines    and    cosines    of  the  sum  and  the  difference  of  the 
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angles.     Sines,  cosines  and  tjingonts  of  <i  double  angle. 

Definition    and    properties    of    tlio    logarithm.     Usage    of 

logarithmic  tables. 

Propeiiies  of  any  scalene  triangle.     Solution  of  triangles. 

Application  for  some  topographic  questions. 

Of  the  subjects  in  arithmetic  and  algebra  given  to  the 
same  students,    the  following  are  some  examples  : 

Definition  of  number  and  definition  of  mathematics.  The 
aim  of  arithmetic. 

Numeration  and  notation.  Fom-  operations  :  their  mean- 
ing, and  respective  methods.     Discussion  of  various  methods. 

Method  of  verification.  Solution  of  arithmetical  pro- 
blems. 

Compound  numbei's,  especially  a  full  explanation  of  the 
origin  and  history  of  the  metric  system  of  weights  and 
measures. 

Properties  of  integers.  Fractions  and  decimals.  Ratio 
and  proiX)rtion — meaning  of  ratio  Relation  between  solutions 
by  proportions  and  other  solutions,   and  their  distinction. 

Alligation.  (Full  ex[)lanation  of  iudeterminate  problems 
by  means  of  algebraic  knowledge.) 

Percentage  and  interest. 

Extraction  of  square  roots  and  cul^e  roots. 

Method  of  contracted  calculation. 

Miscellaneous  problems. 

Introduction  to  algebra. 
Positive  and  negati\'e  numbei's. 

Algebraic  expressions.  Mathematical  induction.  Neces- 
sary conditions,  sufficient  conditions.     Pro^^erties  of  a  rational 

integral  expression.     On  rtj;-\-b,   — and  ax''-\-bx  +  c. 

ex  +  (I 

Remainder — theorem,  and  the  theorems  deducible  there- 
from. 
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Symmeti'ical  expressions  and  alternating  expressions. 

Resolution  into  factors. 

Gre«atest  common  factor.    Least  common  cmultiple. 

Rational  fractional  expressions. 

Equations  and  identities;  kinds,  various  definitions. 

Equivalence  of  equations,  and  theorems  concerning  them. 

Solution  of  fractional  equations. 

Linear  equations  with  one  unknown  quantity. 

Simultaneous  equations ;  equivalence  of  simultaneous 
equations  and  theorems  concerning  them. 

Fundamental  theorems  concerning  the  substitution. 

Solution  and  examination  of  simultaneous  linear  equa- 
tions with  two  unknown  quantities.  Simultaneous  linear 
equations  with  three  unknown  quantities.  Method  of  in- 
determinate coefficients.     Bezout's  method  of  elimination. 

Linear  homogeneous  equations. 

Cases  in  which  the  number  of  the  unknown  quantities 
and  that  of  the  equations  are  not  the  same. 

In  some  cases,  the  following  subjects  are  given  : — 

(These  are  limited  to  those  students  who  take  mathema- 
tics only  in  the  preparatory  course,  and  will  in  future 
engage  in  teaching  Japanese  and  Cliinese,  English, 
geography  and  history  in  intermediate  schools.) 

Conception  of  numbers  and  magnitudes  ;  units.  Decimal 
system  of  numeration ;  sexagesimal  system ;  metric  system. 

Development  of  arithmetic  in  Chaldea,  India,  Egypt, 
Arabia,  China  and  in  medieval  and  modern  Europe. 

Different  systems  of  numerals  compared ;  their  introduc- 
tion into  Japan. 

Ai-ithmetic  in  common  life,  in  commerce  and  industry. 

Arithmetic  in  schools,  its  relation  to  liberal  education  ; 
the  reason  why  we  study  it  in  the  Higher  Normal   School. 

Use  of  letters  and  symbols  in  calculation ;  algebra  in 
classical  times ;  algebra  in  China  and  Japan  before  1867. 
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Discovery  of  plus  and  minus  signs  in  mediaeval  Europe ; 
negative  numbers  explained.  Rule  of  signs ;  calculation 
with  negative  numbers.  Use  of  letters  to  represent  indeter- 
minate quantities ;  some  indeterminate  equations  of  ancient 
India  and  of  Diopliantus. 

Simple  equations ;  simultaneous  equations ;  exercises. 

Infinity  explained  in  relation  to  simultaneous  equations. 

Quadi'atic  equations  witli  various  examples ;  imaginary 
roots. 

Equations  solved  like  quadratics ;  exercises.  Cubic  equa- 
tions solved  like  quadratics.  Biquadratics  solved  like 
quadratics.     Binomial  equations ;  cube  roots  of  unity. 

Maxima  and  minima  deduced  from  quadratic  equations ; 
various  problems.  Maxima  and  minima  deduced  from 
symmetry ;  examples. 

Permutations  permutations  witb  repetitions,  cyclical 
permutations,  transpositions . 

Choices  and  arrangements ;  problems  in  connection  with 
words,  signals,  chess-board. 

Combinations,  their  structure.     Homogeneous  products. 

Some  topological  problems. 

Chance  and  probability  ;  subjectivity  and  objectivity. 

Probabilities  of  com^xjand  events,  of  exclusive  events, 
etc.:  exercises. 

Inverse  probabilities  and  probabihties  of  testimony  :  use 
of  the  theory  for  other  various  purposes. 

Binomial  theorem  with  positive  integi'al  indices : 
multinomial  theorem. 

Proof  by  mathematical  induction,  examples  of  reduction 
to  absurdity. 

Arithmetical  progressions ;  arithmetical  means.  Use  of 
means  other  tlian  arithmetical ;  the  median  and  the  most 
frequent ;  practical  examples. 

Geometrical  progressions ;  introduction  of  infinite  series  ; 
convergency     of     geometric     series ;     varioiis     explanations ; 
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circulating  decimals. 

Interest,  simple  and  compound.     Maltlms'  law  of  popula- 
tion explained. 

Laws  relating  to  compound  interest.     Various  examples. 
The    number    e    introduced,    its    use    and    properties ;  ex- 
ponential series. 

Logarithms,    an    historical   account    of  :    logarithmic  com- 
putations ;  logarithmic  series ;  use  of  tables ;  exerises. 
Compound  interest  annuities  with  logarithmic  table. 
Percentage  and  interest ;  explanation    of    discomit,    notes, 
drafts,  credits,  Wert  papier,  stocks,  insurance,  etc. 

Prime  numbers ;  Fermat's  and  Wilson's  theorems ;  factor 
tables. 

Surds    and    irrational    numbers ;    irrationality     of     some 
special  numbei's. 

In  the  Tokyo  Higher  Normal  School,  the  first  year 
students  of  the  department  of  mathematics,  physics,  and 
chemistry  are  required  to  take  twenty-six  hours'  of  lectures 
or  recitations  a  week  for  all  subjects  throughout  the  whole 
year.  Physical  and  chemical  experiments,  however,  are  not 
included  in  these  hours.  Of  these  hours,  two  are  devoted  to 
algebra,  two  to  trigonometi*y,  and  two  to  geometry. 
The  list  of  topics  in  algebra  is  as  follows  : — 
InequaUties. 

Theory  of  quadratic  equations. 
Maxima  and  minima. 
E(|uations  of  higher  degrees. 
Simultaneous  quadratic  equations. 
Katio  and  proportion,  and  variation. 
Series ;   three    kinds    of    progressions    and  some  other 
elementary  series. 
Permutation  and  combination. 
Binomial  theorem,  multinomial  theorem. 
Limiting  values. 
Infinite  simple  series. 
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Infinite  double  series. 

General  binomial  theorem. 

Exponential  theorem. 

Logarithmic  series. 

Determinants. 
The  topics  in  geometry  are  : — 

Foundations  of  geometry.     Definitions  and  xlsioms. 

Non-Euclidean  geometry. 

Demonsti'ations  of  theorems. 

Maxima  and    minima. 

Geometrical  loci. 

Problems  of  geometi-ical  constructions. 

Geometry  of  the  triangle. 

Modern  geometry. 

History  of  elementary  geometry. 
The  subjects  in  ti-igonometry  are  : — 

Demonstrations    of   identities. 

Relations  between  the  sides   and  angles  of  a  triangle 

and  a  quadrilateral. 

Measurements  of  heights  and  distances. 

Inverse  trigonometric  functions. 

Solutions  of  trigonometric  equations  and  discussions. 

Trigonometric  inequalities. 

Maxima  and  minima. 

Subsidiary  angles.     Trigonometric  solution  of  algebraic 

equations. 

Use    of    tables    of    trigonometric    functions,   tallies  of 

logarithms    of    numbers    and    tables    of  logarithms  of 

trigonometric  functions. 

Constiaiction  of  these  tables. 

Ilules  of  pro^wrtional  parts. 
To    the    students,   who  from  the  beginning  of  the  second 
year  are  to  take  physics  and  chemistry  as  their   specialities, 
Cartesian  geometry  is  sometimes  given  instead  of  the  above- 
mentioned    coiirse    in    geometry    wliich   is    not   necessary  to 
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those  students  who  will  not  teach  mathematics  after 
finishing  the  school  course.  Even  in  such  cases,  however,  the 
courses  in  algebra  and  trigonometiy  are  not  changed. 

The  second  and  third  year  students  are  divided  into  two 
sections ;  the  one  consisting  of  those  who  take  mathematics 
and  physics  as  their  speciaHties,  and  the  other,  of  tliose 
who  take  physics  and  chemistry.  Teachers'  licences  for 
mathematics  in  intermediate  schools  are  usually  given  only 
to  the  graduates  of  the  former  sectioii,  but  such  licenses  may 
be  given  to  graduates  of  the  latter  section  whose  scholar- 
ship-marks give  evidence  of  peculiar  fitness.  Up  to  the 
present  time,  however,  no  such  cases  have  occiuTed.  Tlie 
students  of  both  sections  have  twenty-three  hours'  recita- 
tions a  week  for  all  subjects.  To  students  of  the  former 
section  are  assigned  physical  experiment,  and  mathematical 
exercises,  outside  of  these  hom-s.  Of  the  twenty-three  hours, 
six  are  devoted  to  mathematics  in  which  higher  algebra, 
modern  geometry,  and  analytical  geometry  are  assigned. 
There  are  also  four  hours  extra  a  week  for  mathematical 
exercises,    or    lectures    on    mathematical     subjects. 

Higher  algebra  takes  up  two  hours  a  week,  the  list  of 
subjects  in  it  being  as  follows  : — 

Infinite  products. 

Continued  fractions.     Recurring  continued  fractions. 

Indeterminate  equations. 

Compound  continued  fractions. 

Properties  of  rational  integi'al  functions. 

Properties  of  algebraic  equations. 

Symmetric  functions    of    roots  of  equations  and  their 

applications. 

Algebraic  solutions  of  equations. 

Separation  of  roots  of  numerical  equations. 

Solutions  of  numerical  equations. 

Elementary  theory  of  numbers. 

Divisibility,  congruences.     Congruences  containing  un- 
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known  remaindei's  of  powers. 
Analytical  geometry  takes  up  four  liom-s,  the  subjects  in 
it  being  as  follows: — 

Co-ordinates    in  x>lane.     Cartesian  Co-ordinates,  ix)lar 

co-ordinates. 

Straight    lines,    circles.     Geometrical    loci.      Ellipses, 

liyperboLis,    and    paraboLis,    curves   of  the  second  de- 
gree.    Systems  of  conies. 

nomothetic  conies,  similar  conies. 

Co-ordinates  in  space.     Planes. 

Straight  lines.     Generalisation  of  sm-faces. 

Sui-fices  of  the  second  order. 
Of  the  four  houi-s  for  mathematical  exercises,  two  are 
devoted  to  supplement  the  course  ef  algebra  above  mentioned, 
with  assigned  exercises  in  algebra.  The  remaining  two  hours 
are  devoted  to  lectures,  the  subjects  of  which  are  as 
follows : — 

Complex  numbers.     Operations  in  complex  numbere. 

Different  theorems  on  comj)lex  numbers.     Demoi"STe's 

theorem.     Roots  of  a  number.     Binomial  equations. 

Relations     of      smxls.       Trigonometric     factorisations- 

Powers  of  a  complex  number,  the  exponent  of    which 

is    a     complex    number.     Logarithm    of     a     complex 

number. 

Expansions  in  trigonometiic  series. 

Demonstrations  of  theorems  and  solutions  of  problems 

in  Euclidean  geometry  in  space. 

Impossibility  of  geometrical  constructions.     Trisection 

of    an  angle.      Duplication  of  a  cube.     Quadrature  of 

a  circle. 

Transcendency  of  e  and  -rt. 

Other  problems  of  impossible  construction. 

Constructiblo  regular  polygons. 
To  the  students  of  the  Latter    section,  i.e.    to    those    who 
are     specialising     in    physics    and    chemistrj^    arc   assigned 
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physical  and  chemical  expeiiments,  besides  the  twenty-three 
hours'  recitations.  Of  these  tAventy-tlu'ee  hours,  tlu-ee  liours 
are  for  mathematics,  in  which  analytical  geometry  and  elemen- 
tary calculus  are  taught. 

To  the  third  year  students  of  the  physics-chemistry 
section,  there  is  no  further  requirement  in  mathematics, 
while  the  third  year  students  of  the  mathematics-physics 
section  have  twenty-tlu'ee  hours'  recitations,  besides  physical 
■experiments  and  mathematical  exercises.  Of  the  twenty- 
three  hours,  six  are  devoted  to  lectures,  and  four  to  exercises. 
But  in  practice  even  these  four  hours  for  exercises  are  used 
for  lectures.  In  the  last  term  of  the  third  year  the  stvidents 
are  engaged  in  practical  teacliing,  and  therefore  there  are  no 
recitations  in  this  term.  Tiie  six  hours  for  lectures  are  de- 
voted to  differential  and  integral  calculus.  The  topics  are 
as  follows  : — 

Variables  and  functions.     Continuity.  Differentials  and 

differential  coefficients.     Their  geometrical  and  physical 

meanings.  Several  formulae  in  differentials.  Differential 

maxima  and  minima. 

Higher  difterential  co-efficients  and  differentials. 

Curvatm^e  of  plane  curves.     Some  special  curves. 

E volute  and  involute. 

Functions     of     two     variables.      Partial     differentials. 

Total  differentials. 

Surfaces      and      osculating      paraboloids.      Indicatrix. 

Principal  curvatm'es. 

Curves  in  space  ;  tangent,  normal,  binormal,  principal 

normals,    rectifying    line    and    cone,    cm^vatures    and 

spherical  curvatures. 
•     Indeterminate  forms.     Taylor's  theorem  in  Sclilomilch's 

form.     Expansion  of  several  functions. 

Gregory's  series.     Evaluation  of  7t. 

Liverse  operation  of  differentiation. 

Indefinite  intearation. 
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Existence  theorem  of  iiitegi'al  calculus. 
Definite  integrals.     Reduction  formulae. 
Wallis's    theorem.     Taylor's    theorem    deduced  by  in- 
tegration by  parts. 

Differentiation     and    integi'ation    under    the    sign     of 
integration. 

Evaluation  of  some  definite  integi'als. 
Quadi'ature  of  plane  cm*ves.     Rectification. 
Volumes  of  solids  of  revolution. 
Quadrature  of  surface  areas. 
Calculation  of  moments.     Position  of  ce2itroids. 
Moment  of  inertia.     Pappus-Guldin's  theorem. 
Lagrange's  interpolation  formulae. 
Mechanical  quadrature. 
Non-e(|uidistant  ordinates  of  Gauss. 
Calculation  of    it    by    Simpson's    rale,    and    by   other 
methods  of  quadrature. 
Double  and  multiple  integration. 
Change  of  variables. 
Eulerian  integrals.     Stirling's  formulae. 
Linear  difierential  equations  with  constant  coefficients. 
Characteristic  equations. 
Particular  and  genei'al  solutions. 
Variation  of  parameter. 

Differential    equations    of    the    fii'st     order ;     singular 
solutions. 

Existence  proof  after  Lipschitz. 
Uniqueness  of  solutions. 
Linear  equations  of  the  second  order. 
Complementary  solutions. 
Integration  by  series. 

Fourier's  functions.     Ti'igonometrical  series. 
Partial  differential  equations  of  the  fii'st  order. 
Several  methods  of  solution. 
Geometrical    illustrations.     Equations    of    applied  ma- 
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thematics. 

Equations  of  potential  functions,  of   small    vibrations, 

and  of  heat  diffusion. 
Two    hours    for    mathematical    exercises    are    devoted    to 
exercises    in    analytical    geometry    as    already    given    in  the 
previous  year,  with  additional  new  lessons.     Tlie  subjects  of 
the  new  lessons  are  as  follows  : — 

General  theory  of  cm^ves. 

Construction    of    curves    in    rectangular    co-ordinates. 

Tangents,    asymptotes.      Multiple    points    and    other 

singular  points. 

Construction  of  curves  in  polar  co-ordinates.     Tangents 

and  asymptotes.     Singular  ix)ints. 

Several  special  curves  :     Lim.a9on  de  Pascal,  epcycloid, 

spiral    of    Archimides,    logarithmic    spiral,    strophoid, 

etc. 
The    remaining   two    hours    are    allotted    to    exercises  in 
differential  and    integral    calculus,    but    for    the    most    part, 
problems    in  dynamics  are  treated  while  exercises  are  being 
given.     Tlie  topics  are  as  follows  : — 

Velocities  and  accelerations.  Straight  motions.   Circular 

motions.     Parabolic  motions.     Elliptic  motions.     Con- 
strained   motions.     Elements    of    rigid    dynamics  and 

hydro-dynamics . 
It  is  earnestly  hoped  that  in  this  school  an  adequate 
numder  of  liom-s  wiU  be  devoted  to  teacliing  that  part  of 
dynamics,  to  which,  mathematics,  especially  differential  and 
integi'al  calculus,  are  api^lied.  The  elememts  of  dynamics 
may  with  some  advantage  be  taught  to  students  as  an  in- 
troduction to  physics  even  before  they  have  studied  dif- 
ferential and  integral  calculus,  or  before  ihej  have  acquired 
a  full  knowledge  of  trigonometry.  But  I  fii-mly  believe  that 
those  who  are  to  be  teachers  of  mathematics  and  j^hysics 
should  pursue  that  treatment  of  dynamics,  in  which  dif- 
ferential   and    integral    calculus    is    freely    applied.      Again 
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special  hours  should  be  provided  for  land-siirveyinp;,  —  of 
com*se  even  now  a  few  liours  are  devoted  to  this  subject. 
The  same  opinion  holds  with  reference  to  descriptive 
geometry. 

For  alx)ut  ten  weeks  toward  the  close  of  the  third  year 
the  students  are  engaged  in  teacliing  mathematics  in  the 
middle  school,  and  in  the  elementary  school  attached  to  the 
Higher  Normal  School,  under  the  supervision  of  the  pro- 
fessoi-s  of  the  school  and  the  teachers  of  the  attached 
schools. 

In  the  Hiroshima  Higher  Normal  School,  students  be- 
longing to  the  department  of  mathematics,  x^hysics,  and 
chemistry  are  required  to  jiursue  a  regular  course  of  three 
years  more  or  less  like  that  in  tlie  Tokyo  Higher  Normal 
School.  To  point  out  a  few  differences,  analytic  geometry 
extends  from  the  fii'st  into  the  second  year  and  differential 
and  integral  calculus  from  the  second  into  the  third,  etc. 
The  recitation  hours  are  six  or  seven  x^er  week  for  each 
year. 

The  aim  in  teacliing  mathematics  in  both  of  these 
higher  normal  schools  is  to  develop  in  the  student  a  well 
disciplined  logical  facult}',  the  acquisition  of  practical 
knowledge,  and  a  heightening  of  their  aesthetic  sense  for 
scientific  beaiity.  In  the  course  of  time,  when  they  have 
finished  the  prescribed  course  and  they  themselves  take  part 
in  the  teaching  of  mathematics  in  intermediate  schools,  they 
should  find  themselves  not  only  competent  through  the 
training  they  have  received  in  accordance  with  the  said 
aim  in  the  course  pursued  by  them,  but  also  they  should  be 
ready  to  teach  their  own  students  with  the  same  aim  in 
view.  Accordingly  the  i^rofessors  not  only  teach  their 
students  with  this  aim  in  view,  but  also  utiHse  every 
opportunity  to  admonish  them  to  keep  the  same    constantly 
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in  view  when  they  themselves  have  to  teach  iu  the  inter- 
mediate schools.  In  order  to  make  tlie  course  efficient,  the 
professors  not  only  teach  the  theory  as  well  as  the  ap- 
X)lications  of  mathematics,  but  also  explain  by  what  methods 
the  result  aimed  at  is  to  be  attained.  The  subjects  of 
mathematics  assigned  to  the  students  in  tlie  liigher  normal 
schools  are  certainly  far  too  advanced  to  be  in  themselves 
assignable  to  students  in  the  intermediate  schools.  And  yet 
when  these  very  advanced  subjects  are  taught,  the  pro- 
fessors constantly  strive  rather  to  show  the  connection  be- 
tween them  and  allied  subjects  in  the  intermediate  schools 
or  to  explain  the  grounds  on  which  the  latter  stand,  and 
thus  to  make  it  clear  to  their  students  with  what  care  they 
in  time  must  seek  to  giude  students  of  their  own  in  the 
intermediate  schools.  In  case  the  solution  of  mathematical 
problems  be  under  discussion,  the  professors  endeavour  first 
of  all  to  correct  any  bad  habits  the  students  may  have 
formed  in  their  intermediate  school  days,  or  to  enable  them 
to  express  distinctly  what  they  wish  to  say,  or  if  need  be, 
even  to  get  them  to  write  out  clearly  what  they  wish  to 
express.  Or,  again,  in  case  one  of  the  students  be  called 
to  the  blackboard  to  solve  for  others  some  mathematical 
problem,  the  professors  judiciously  seek  rather  to  show  liim 
the  department  ]3i'op6r  for  a  teacher,  and  to  point  out  to 
him  the  part  of  his  explanation  which  he  should  emphasize 
and  also  where  the  class  were  mostly  misled.  The  teacher 
should  explain  to  liim  how  their  knowledge  should  be  deve- 
loped and  how  their  interest  be  stimulated,  and  sometimes 
even  such  a  small  matter  as  the  handling  of  the  chalk 
should  be  shown.  In  short,  all  that  teachers  of  mathematics 
need  to  know  is  practically  taught  from  time  to  time.  Of 
course  there  are  also  some  general  subjects  such  as 
I)edagogic3  and  pedagogical  methods  specially  taught  in  the 
department.  But  the  x^ractical  pedagogical  knowledge,  which 
the  professors  of  mathematics    impart    to    their    students    in 
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the  course  of  tlieir  instruction,  naturally  proves  to  be 
efficacious. 

Tlie  intellectual  progress  of  students  is  gauged  by 
means  of  examinations.  The  Tok3'o  Higher  Normal  School 
has  adopted  term  and  annual  examinations,  and  the  Hiro- 
shima Higher  Normal  School  special  and  term  examinations. 
Yet  tlie  professors  attach  much  importance  to  the  daily 
work  of  the  students  and  take  this  also  into  consideration 
together  with  the  results  of  examinations  before  they  fix  the 
relative  rank  of  their  students.  That  examinations  are 
necessary  to  determine  the  result  of  teaching  is  evident.  As 
tliey  decide  tho  relative  rank  of  the  students,  they  serve  as 
stimulus  in  making  them  more  diligent.  Furthermore  pre- 
paration for  examinations  gives  them  a  comprehensive  grasp 
of  what  they  have  been  over  during  the  term  or  the  year. 
Ceiiainly  the  examination  sj^stem  has  disadvantages.  This 
no  one  will  deny.  But,  at  the  same  time,  it  also  has  its 
merits.  It  can  never  be  entirely  disj^ensed  with  without 
great  loss  to  the  intellectual  development  of  the  students. 

Among  the  graduates  of  the  higher  normal  schools, 
there  are  a  very  limited  number,  who,  instead  of  engaging 
in  teacliing,  take  the  p<3st  graduate  cour.se.  This  course 
still  aiming  at  the  teaching  of  mathematics  in  intermediate 
scliools,  prescribes  for  them  very  advanced  theories  of 
mathematics,  namely,  such  as  are  much  liighor  and  more 
X)rofounder  than  those  prescribed  for  tlie  students  in  the 
regular  course.  The  aim  is  to  strengthen  tlieir  grasp  on 
the  fundamentals  of  matliematics  prescribed  for  students  in 
intermediate  schools.  Tlie  condition  of  mathematical  in- 
struction throughout  the  world  is  generally  given.  The 
theory  of  numbers,  higher  algel)ra,  theory  of  curves  and 
surfaces,  hydrodynamics,  etc.  are  sometimes  given. 
Tlie  recitation  houi-s  are  from  six  to  twelve  x^r 
week. 

Tliere    are    also    a    vei'y    few    of    the    gi-aduatos     of    tlie 
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liiglier  normal  schools,   who    enter    the    imperial    universities 
for  further  study. 

In  Japan,  as  the  number  of  licensed  teachers  of  ma- 
thematics falls  short  of  the  demand,  there  has  been  added, 
in  each  of  the  higher  normal  schools,  a  special  course  in 
mathematics,  extending  over  sometimes  two  years  and  a 
half  and  sometimes  three  years,  in  order  to  meet  tliis  de- 
ficiency. On  account  of  its  aiming  at  a  quick  mastery  of 
the  subject,  little  instraction  is  given  on  subjects  other  than 
mathematics,  on  which,  as  a  matter  of  course,  is  put  the 
maximum  stress,  Tlie  total  number  of  recitation  hours  for 
mathematics  in  this  com'se  during  its  entire  length  does  not 
differ  much  from  that  in  the  regular  course.  Consequently 
the  weekly  number  of  the  recitation  hoiu's  for  mathematics 
in  that  exceeds  the  same  in  this.  As  a  whole,  the  former  is 
more  or  less  similar  to  the  latter,  and  includes  djTiamics,  land- 
surveying,  and  book-keeping  as  well.  The  following  is  the 
list  of  subjects  once  used  in  the  course  of  dynamics,  covering 
three    horn's    a    week    for    some   two-tliirds    of    one    year : — 

Transmissibility  of  forces,  parallelogram  law  of  forces, 

Poisson's  proof. 

Forces    and    couples,    Poinsot's    central    axes.    Ball's 

wTench. 

Equilibrmi  of  solids.     Lagrange's  principle  of    virtual 

velocities. 

Graphical  solution  of  some  statical  problems. 

Simple  statical  machines,  frictions. 

Ivinematical  introduction,  velocity'  and  acceleration  as 

differential  coefficients. 

Rotation,  angiTLar  velocity,  spin,  general  screw  dis- 
placement. 

Body  centrodes  and  space  centrodes,  roulettes. 

Rectilinear  motion  of  a  particle  under  gi*avity,    under 

central  force,  under  air  resistance. 
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Parabolic  motion,  its  raugo,  time  of  fliglit,  envelopes, 
etc. 

Parabolic  motion  nnder  air  resistance,  simple  cases, 
some  points  on  external  ballistics. 

Centi'al  motion,  the   trajectories  given  to  iind  the  law 
of  forces ;  conies,  Cote's  spiral,  lemniscate  etc. 
Central    acceleration    producing    simple  liarmonic  mo- 
tion, also  its  composition. 

Newtonian  attraction  and  motion,  motion  in  conies 
under  other  laws  of  forces ;  an  example  of  non-conser- 
vative force  producing  motions  in  conies. 
Motion  under  the  inverse  cube  law  of  forces ;  special 
interest  in  its  relation  to  the  kinetic  tlieory  of  gases. 
Explanation  of  some  problems,  methods,  and  results 
iti  the  other  more  difficult  parts  of  the  dynamics  of 
particles. 

Moment  of  inertia  and  radius  of  gyration. 
Poinsot's  momental  ellipsoid. 

Compound  pendulum  and  simple  equivalent  jx^n- 
dulura,  centre  of  percussion  and  centre  of  oscillation 
identified. 

Motion  of  a  top ;  precession  and  nutation  explained ; 
gyroscopic  motion. 

Work,  energy,  ix)tential,  conservative  force,  total 
difi'erential,  etc. 

General  equation  of  motion ;  generalized  coordinates ; 
kinetic  potential,  Lagrangian  function,  ILxmiltonian 
function. 

Integrals  of  energy  and  of  momentum. 
Reduction  of   Lagrangian   equations  to   the  canonical 
form.     Examples  of  the  use  of  canonical  equations. 
Equilibrium  of  strings ;    common    catenary,    parabola, 
catenary  of  etpial  strength,  etc. 

Hydrostatics ;  floating  bodies,  surface  of  buoyancy 
and  its  evolute,  metacentre. 
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THE  THIRD  TEMPORARY  INSTITUTE  FOR 
THE  TRAINING  OF  TEACHERS 

The  Third  Temporary  Institute,  being  situated  in  the  city 
of  Sendai,  is  the  only  institute  other  than  the  higher 
normal  schools  which  specially  aims  at  the  training  of 
teachers  of  mathematics  for  intermediate  schools  and  which 
has  government  authoritly  to  gi'ant  teachers'  licenses  to 
its  graduates  without  examination.  Like  the  special 
com'se  in  mathematics  in  the  higher  normal  schools, 
it  has  been  estal)lished  as  an  emergency  measure  io  meet 
the  demands  of  the  intermediate  schools.  Tlie  course  covers 
tlu-ee  years.  The  average  age  of  the  matriculates  varies 
between!  twenty-one  and  twenty-two. 

The  ciwriculum  prescribes,  in  the  first  3'ear,  tlu'ee  hours  a 
week  for  arithmetic,  five  for  algebra,  four  for  geome- 
try and  fom*  for  trigonometry  throughout  the  school 
year ;  in  the  second  year  six  for  algebra,  three  for  geometiy 
and  five  for  analytic  geometry  for  the  first  and  second 
terms,  and  four  for  algebra,  one  for  geometry,  four  for 
analytic  geometi-y  and  five  for  differential  and  integral 
calculus  for  the  third  term  ;  and  in  the  third  year,  three  for 
algebra,  two  for  geometry,  four  for  analytic  geometry 
and  six  for  differential  and  integral  calculus  for  the 
first  and  second  terms,  and  tlu'ee  for  algebra,  two  for 
geometry  and  six  for  differential  and  integral  calculus  for 
the  third  term.  Besides,  two  hours  a  week  tlu-oughout  the  second 
year,  and  three  throughout  the  third  are  allotted  to  land 
surveying.  A^  the  gi'aduates  of  this  institute  are  to  teach 
mathematics,  it  is  necessary  that  they  be  conversant  "VN'ith 
its  pedagogic  methods.  Tliis,  however,  is  a  difficult  accom- 
plishment,— and  one  requiring  time  for  its  acquirement.  In 
order  to  meet  the  need,  therefore,  from    the    very    beginning 
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of  the  course,  a  seminary  is  held  on  fix(KT  dates.  Tn  the 
exercises  of  this  seminarj'  the  students  are  called  in  turn  to 
go  to  the  black-board  and  in  the  midst  of  comments  to  give 
a  demonstration  of  teacliing  the  subject  assigned.  Li  this 
way  they  gi'aduallj'  form  correct  habits  of  teaching.  On 
.account  of  this  need  tlie  cun'iculum  prescribes  for  the  method 
and  practice  of  teaching  mathematics  one  hour  a  week 
throughout  the  first  and  second  years,  and  in  the  third  year 
two  for  the  first  and  second  terms,  and  six  for  the  third. 
In  short,  the  Third  Temporary  Institute  closely  reseml)les  the 
special  course  in  mathematics  in  the  Tokyo  Higher  Normal 
School,  and  devotes  much  of  its  recitation  hours  to  anal.ytic 
geometry  and  difierential  and  integral  calculus.  Even  though 
these  two  subjects  are  in  themselves  of  no  direct  use  in  an 
intermediate  school,  yet  they  enrich  the  teacher's  stock  of 
mathematical  knowledge  and  makes  him  more  confident  in 
his  teaching.  This  will  explain  why  this  special  institute 
and  the  Hiroshima  Higher  Normal  Sc1kx)1  devote  so  many 
of  their  recitation  hours  to  analytic  geometry  and  difierential 
and  integral  calculus.  The  Tokyo  Higher  Normal  School 
.also  sets  aside  some  of  its  recitation  houi-s  for  the  same 
purpose,  but  not  to  such  an  extent  as  the  other  two  do. 
How  far  analytic  geometry  and  differential  and  integi'al 
calculus  can  with  propriety  be  taught  to  candidates  for 
positions  requiring  only  arithmetic,  algebra,  geometry,  and 
trigonometry,  is  certainly  a  problem  not  yet  definitely  solved. 
General  pedagogics  also  are  taught  in  the  Third  Tem^xn-ary 
Institute,  for  its  gi'aduates  of  course  are  expected  to  know 
how  to  teach. 
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THE  DEPARTMENT  OF  EDUCATION'S 

EXAMINATION  FOR  LICENCES 

TO  TEACH  IN  INTERMEDIATE  SCHOOLS. 

In  the  Department  of  Education,  a  standing  committee 
has  been  appointed  to  take  charge  of  the  granting  of 
liceneses  to  intermediate  school  teachers.  In  cases  in  which 
the  said  grant  is  made  without  examination,  the  committee 
decides.  Wlien,  however,  the  fitness  of  the  candidate  is 
tested  by  examination,  a  special  sxami  nation  committee  is 
appointed  from  among  the  professors  of  the  imperial 
universities,  higher  normal  schools,  liigh  schools,  higher 
technical  schools,  etc.,  and  the  said  examination  is  carried 
out  by  this  examination  committee,  at  least  once  in  each 
year. 

The  examinations  for  teachers'  licenses  in  mathematics 
are  of  the  following  four  grades : — 

I.     Arithmetic,  algebra,  and  geomeby ; 
H.     Trigonometry ; 
m.     Analytic  geometry ; 
IV.     Difterential  and  integral  calculus. 

Here,  howe^'er,  it  should  be  stated  that  a  candidate  is 
not  entitled  to  take  examination  in  any  of  the  last  three 
gi'ades  unless  he  has  been  successful  in  the  preceding  one  ; 
but  he  is  entitled  to  be  examined  successively  in  all  four 
grades  in  one  year.  Only  those  are  regarded  as  perfectly 
equipj^ed  teachers  of  mathematics  in  intermediate  schools, 
who  have  been  successful  in  passing  the  last  examination, 
viz.  the  one  in  differential  and  i integral  calculus.  Neverthe- 
less there  only  a  small  number  have  thus  far  passed  all  four 
examinations  and  received  licenses  in  all  four  gi-ades.  The 
majority  simply  have  licenses  in  the  first  grade,  i.e.,  in 
aiitlmietic,    algebra,    and    geometry.     The    gi"aduates    of    th 
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regular,  and  the  special  course  in  matlieniatics  in  the 
higher  normal  schools  as  well  as  those  oi  the  Third  Tempo- 
rary Listitute  are  regarded  as  having  successfully  passed 
the  examinations  in  all  four  grades,  find,  are  as  a  mattei- 
of  course,  entitled  to  licenses  in  them  all. 

The  examination  in  the  iii'st  gi'ade  is  carried  out  in  two 
divisions,  namely,  a  preliminary  and  a  final  examination. 
Both  consist  in  answering  questions  in  arithmetic,  algebra, 
and  geometry.  The  preliminar}'  examination  is  held  in  the 
provinces  where  the  applicants  live.  As  a  matter  of  course, 
the  special  examination  committee  select  the  questions,  and 
send  them  to  each  of  these  provinces  before  the  examination 
takes  place.  The  successful  candidates  in  this  preliminary 
examination  are  entitled  to  come  to  Tokyo  in  order  to  take 
the  iinal  examination.  This  latter  includes,  in  addition  to  a 
written  examination,  an  oral  examination,  whereby  the 
candidates  are  tested  as  to  their  practical  ability  in  teaching. 
They  have  also  to  take  a  brief  examination  in  pedagogics. 
The  majority  of  the  ax)plicants  are  non-licensed  intermediate 
school  teachers,  elementary  school  teachers,  and  graduates 
of  the  Tokyo  Butsuri  Gakko. 

The  following  were  the  questions  in  mathematics  at  the 
Twenty-fifth  Examination  for  Teachers'  Licenses,  held  in 
1911. 

Preliminary  Examination  Questions.     Arithmetic  (3  hours). 

3      J. 

(1)  Find  three  fractions,  yl,  B,  and   C  equal  to   — ,  -  -, 

5      9 

and  ,  respectively,  such  that    ^fs    denominator    is  equal 

to  i>"s  numerator,  and  i>"s  denominator  to  6"s  numerator. 
Find  the  simplest  forms  of  such  thi'ee  fractions. 

(2)  A  certain  company,  dividing  its  capital  in  the  ratio 
of  3:5:7,  carried  on  its  business  in  three  divisions.  At  a 
semi-annual!  settlement,  it  was  found  that  the  fii'st  division 
had    made  2600  yen,  and  the  second  had  earned  8  per  cent 
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a  year  on  its  cax^ital,  but  tluit  the  tliird  had  suffered  a  loss 
of  5  per  cent  a  year  of  its  capital.  However,  the  net  result 
was  found  to  be  a  gain  of  6  per  cent  a  year  on  the  total 
capital.     What  was  the  amount  of  this  capital  ? 

(3)  A  steamer,  bound  for  a  certain  port,  had  its  engine 
damaged  when  one-fifth  of  its  voyage  had  been  completed. 
As  it  had  to  reduce  its  speed  l)y  ten  knots  for  the  rest  of 
its  com'se,  the  average  speed  was  found  to  be  less  than  the 
first  by  four  knots.     What  w^as  the  initial  speed '? 

(4)  By  evaporating  600  grams  of  water  containing  S% 
of  salt,  one  containing  5%  of  salt  was  to  be  obtained.  It 
was  found,  however,  that  70^  of  the  water  had  already 
evaporated.  How  much  water  containing  3%  of  salt  must 
be  added  in  order  to  obtain  the  solution  of  required 
strength. 

(5)  Of  a  cylindrical  vessel  holding  one  sho,  the  height 
and  diameter  of  which  are  equal ;  find  the  height  to  the 
hundredth  place. 

Algebra     (3  hours) 

(1)     When  a+h+c  =  0,  prove 
/  h  —  c       c  —  a       a  —  h\/a  h  c     \ 

+  -7—  + )  (1 + 4- 7  )  =  9. 

\    a  0  c     '    \  b  —  c       c  —  a      a  —  b/ 

(•2)  Solve  and  discuss  the  following  simultaneous  equa- 
tions : — 

ax — 6?/  — 2-1-1=0, 
x\y  —  a  z  —  b  =  0, 
x-{-y  —  z+l  =  0. 

(3)  Cut  a  triangle  and  a  rectangle,  having  equal  bases 
on  a  straight  line,  by  another  straight  line  so  that  the 
sum  of  the  areas  cut  out  between  the  parallel  lines  shall 
be  equal  to  the  area  of  the  triangle.  Find  the  distance 
between  the  parallel  lines. 

(4)  In  how  many  different  ways  can  ten  balls  be 
aiTanged  in  a  sti-aight  line?  In  arranging  them,  however, 
two    special    balls    must    in    all    cases    be    placed    so    as    to 
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occupy  alternate  ][K)sitions. 

'"  (5)     Let  «i,  a^,  a^, be  an    arithmetical    progi-ession, 

and  &i,  h^,  h-i, be  a  geometrical  having  all  its  terms  posi- 
tive.    Prove  tliat  «„  is  not  greater  than  ?>„,  if  «i  =  ?>i  and  a^=h,. 
Geometry  (3  houi-s). 

(1)  Let  two  circles  touch  internally  at  A.  Draw  a 
tangent  PJI  to  the  internal  from  any  point  P  in  the 
circumfernce  of  the  external,  and  prove  that  FA :  PM  is 
constant. 

(2)  Given  a  vertical  angle,  the  radius  of  inscribed 
circle,  and  the  area  :  construct  the  triangle. 

*(3)  The  vertex  A  of  the  rectangle  ABCD  is  a  fixed 
]^)oint,  and  B  and  D  are  on  the  circumference  of  a  fixed 
circle.     Find  the  locus  of  the  point  C. 

(4)  Find  the  limit  of  the  position  of  a  point,  the  ratio 
of  whose  distances  from  two  fixed  points  is  less  than  a 
given  ratio. 

(5)  Of  a  quadrilateral  wiiose  four  vertices  are  not  all  in 
one  plane,  tlu-ee  are  fixed  and  one  moves  along  a  sti'aight 
line.  Find  the  locus  of  the  intersection  of  the  lines  joining 
the  middle  points  of  its  opposite  sides. 

Remarks.  Applicants  for  teachers  in  second  class  schools, 
(i.e.,  girls  high  schools  and  normal  schools  for  women), 
need  not  answer  the  question  marked  with  the  asterisk. 


Final  examination  questions  for  teachei"s   of  mathematics. 
Arithmetic,  algebra  and  geometry,  (written). 
Part  I.     (3  hours). 

(1)  The    sum    of    a  certain    irreduci1)le   fraction  and  its 

reciprocal  is  equal  to .     I'ind  the  iiTeduciblo  fraction. 

400115 

(2)  Eliminate  x,  y  and  z  from 

X       a       y       h        z        c 
a       X       b       y       c        z  ' 
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xyz=abc, 

x^-\-y'  +  2(«7>  +  he  +  ca)  =  0. 
(3)     If  a,  h,  p,  and  <[  be  j-eal,  prove    that    tlie    following 
equation  has  real  roots, 


P'     ,     <r 


-1=0. 


d'  +  x       IP  +  x 

(4)  Solve  the  following  inequality, 

x  —  hy  y^a  {a  —  2x}, 
where  a  and  h  are    positive,   and  ]/  represents    the  positive 
square  root. 

(5)  Prove    that    the    following    tlnee    equalities  are  con- 
sistent with  one  another, 


log  representing  the  common  logarithm. 

Ditto,     (Written). 

Paet  II,     (3  hours) 

(1)  If  rectangles  ABDE,  AGFG  be  externally  con- 
structed on  the  two  sides  AB  and  AC  of  the  right  angle 
A  of  a  right  angled  triangle  ABC,  x^rove  that  the  straight 
lines  BF  and  CD  intersect  with  one  another  on  the  per- 
X^endicular  from  A  to  the  hypotenuse  BC. 

(2)  Draw  a  circle  with  its  centre  on  a  sti'aight  line 
passing  tlnough  the  centre  of  a  given  circle,  intersecting 
with  this  circle  at  right  angles  and  passing  tlu'ough  a  given 
point. 

(3)  Of  a  triangle  ABC,  the  vertex  A  is  a  fixed  ^\ni 
on  an  edge  of  a  trihedral  angle  and  the  other  two  vertices 
B  and  C  move  respectively  along  two  other  edges.  Find 
the  locus  of  the  centre  of  gravity  of  the  triangle. 

Ditto,     (Oral). 
Arithmetic. 
In    the    case  of  a  boat,  a  certain  distance  is  rowed  over, 
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when    there    is    no    tide,    in    imenty-four    hours.     With   the 
tide,    however,    the    same    distance    can    be    rowed    over    in 
fifteen  hom-s.     And  if  against  -the    tides,    the    boat    can    he 
made  to  go  over  thirty-two  knots    in    t^^'o   Iiours.     Find    the 
speed,  accordingly,  when  it  is  rowed  witli  tlio  tide. 
Algebra. 
Solve  the  following  simultaneous  equations, 
(l  +  2A-)x-(l  +  A-)2/  =  l-/-, 
3  (1  +  7c)  x-{3-\- 1')  ?y  =  3  + 1: 
Geometry. 
Draw    a    straight    lino  meeting  two  sti-aight  lines  not  in 
the  same  plane  and  normal  to  a  given  plane. 

Trigonometry,     (Written). 
Theory,     (3  hours). 

(1)  Solve  and  discuss  the  following  equation, 

sin  3  X—  m  sin  x. 

(2)  Eliminate  6  and  (p  from 

c  sin  6  =  a  sin  {6-\-  <f), 
asin<p  =  h^ind, 
cos  6  —  cos  <p  =  2  111 . 

(3)  Find  the  maximum  value  of 

cosec^  6  —  tan-  6 
cof'^+tan^^-l    * 

(4)  If  the  length  of  three  bisectors  of  the  three  angles 
A,  B,  C  of  a  triangle  ABC  be  respectively  equal  to 
l>,  q,  r,  prove  that. 

ABC 

cos  - — -         cos  —         cos 

2  2  2  111 

+  ■ + =  —  - l--7--f--- 

p  q  r  a       0       c 

(5)  Having  given  one  angle,  tlie  perimeter  and  the 
radius  of  the  circumscribed  circle  of  a  triangle,  solve  the 
triangle. 

Application,     (3  hom*s). 
When    the    three    sides    of    a    triangle    are   known  to  be 
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respectively. 

a=750.74:7n., 

&=596.42  w., 

c  =  204.  68  m., 
compute  tlie  three  angles  and  the  area. 

Analytical  ge<:)metry,     (3  hours). 

(1)  Given  a  point  (1,1)  and  a  straight  line  3  x  +  4y 
—  6=0,  the  axes  being  rectangular.  Form  an  equation  to 
the  cm-ve  of  the  second  degree,  having  the  point  and  the 
straight  line  for  its  corresponding  focus  and  directrix  and 
5  for  its  eccentricity,  and  reduce  it  to  the  standard  form. 

(2)  Let  N  he  the  point  of  intersection  of  the  normal 
at  any  point  31  on  an  ellipse  and  its  major  axis.  Prove 
that  the  orthogonal  projection  of  MN  on  the  line  passing 
through  M  and  one  of  the  foci  is  constant. 

(3)  Prove  tliat  the  four  vertices  of  a  i)^i'''^ll6logram 
circumscribing  an  ellipse  and  its  two  foci  are  on  the  same 
equilateral  hyperbola. 

(4)  Given  an  ellipse  and  a  circle  concentric  with  each 
other,  the  radius  of  the  circle  being  equal  to  the  sum  of 
half  the  major  axis  and  half  the  minor  axis  of  the  eUipse. 
Prove  that  the  locus  of  the  point  of  intersection  of  the  two 
normals  to  the  ellipse  at  the  joints  at  which  two  tangents  are 
drawn  to  the  ellipse  from  any  point  on  the  circle  is  a  circle. 

(5)  Let  N  be  the  point  of  contact  at  which  a  tangent 
is  di'awn  from  the  centre  of  a  fixed  circle  to  the  circum- 
scribed circle  of  a  self-conjugate  triangle  with  respect  to  the 
fixed  circle.     Prove  that  JIN  is  constant. 

Differential  and  Litegral  calculus,     (4  hours). 
(1)     If    /' {x)(p{x)-/{x)<p' (x)  ^0    within    the    interval 
a^x^h,  and/(«)  =  0,/(6)=0,  then  prove  that  (f  (x)  vdW  be- 
come zero  within    the    given    interval   at   least    once.     Here  ■ 
y  (x)  and  <p'  (x)  are  continuous  within  the  given  limits. 
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(2)  Let  Y  be  the  point  at  •which  the  line  passing 
through  any  p(jint  A'  on  tlie  diagonal  AC  of  a  j)arallelo- 
gram  ABCD  and  the  vertex  B  intersect  with  tlie  side 
AD  or  its  extension.  Find  the  minimum  of  the  sum  of 
the    sura    of    the    areas    of    two  triangles    AXY   and  BXG. 

(3)  Take  z  as  the  function  of  two  independent  variables 
X  and  y ;  substitute. 

a;  =  r  sin  6/ cos  f,      y  —  r^\\np,      z  —  rco%d 

in  .  /l-|-f -^  j  +f -- ]    ;    taking    6    and    if    as   independent 
variables  eliminate  x,  ij,  z. 

(4)  B  {f,  in)  represents   /  x~'^(l  —  x)'"'~^dx,ln,nd)iiheing 

Jo 
positive.     Prove  that 

B{J,m)=:l±^B{l  +  l,  m). 

(5)  Find  the  whole  length  of  the  space  curve  represent- 
ed by  the  equations 

ax  =  z  (hi- z),     a-  (or  +  ?/•)  =  h-z'-, 
a  and  h  being  positive. 

(6)  Take  x  =  ^(u,v)  and  y  =  (p  {ii,  v),  and  change  the 
integration's  variables  in 


// 


d  X  d  y     from  x,  y     into  u,  v. 


Of  those  who  have  taken  positions  in  intermediate 
schools,  a  majority,  it  seems,  thus  far  at  least,  lack  general 
education  and  I  venture  to  call  it  a  serious  defect  in  them 
as  teachers  of  mathematics  that  they  have  no  qualifications 
in  any  subject  of  general  education  outside  of  mathematics, 
— above  all  in  such  a  subject  as  physics.  Education  in 
Japan  lias  been  rapidly  extended,  and  in  spite  of  the  great 
pains  that  have  been  taken  to  meet  the  demand  for  teachers 
of  mathematics  the  supply  is  as  yet  quite  inadequate.  At 
such    a    time,    it    may  be  an  unavoidable  necessity  to  grant 
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teacliers'  licenses  in  matliematics  to  those  having  no 
qualifications  in  general  education,  Tliis  lack,  however, 
must  somehow  be  supplied  in  future.  Accordingly,  in  recent 
years,  the  Department  of  Education  has,  very  wisely, 
limited  the  applicants  for  licenses  to  the  graduates  of  in- 
termediate schools,  and  has  certainly  improved  the  require- 
ments by  adding  pedagogics  and  pedagogical  method  to  the 
subjects  of  the  same  examination  in  mathematics. 

An  intermediate  school  teacher  ought  not  to  be  only  a 
specialist  in  one  subject.  Rather  he  ought  to  know  at  least 
something  of  many  different  subjects, — subjects  that  are 
j)rescribed  in  the  curriculum  of  intermediate  schools — and  to 
qualify  himself  more  or  less  well  in  at  least  one  of  these. 
It  is  indeed  to  be  regretted  that  there  are  now  so  few 
teachers  in  Japan  who  can  teach  even  two  subjects, — above 
all  even  two  such  closely  related  subjects  as  mathematics 
and  physics.  The  license  examination  in  mathematics  ought 
not  to  be  limited  to  testing  the  teacher's  knowledge  of 
mathematics  as  such.  Rather  ought  it  to  aim  at  testing  his 
qualifications  as  an  intermediate  school  teacher  more  or  less 
proficient  in  mathematics.  In  order  to  carry  out  this  idea, 
the  examination  ought  to  prove  whether  or  not  he  is  really 
qualified  in  subjects  of  general  edutation, — at  least  in  such 
subjects  as  physics,  chemistry,  etc.,  which  are  so  closely 
related  to  mathematics. 

Also,  the  successful  examinates  have  thus  far  been  im- 
mediately granted  teachers'  licenses.  Certainly  such  a  course 
may  hitherto  have  been  inevitable.  Nevertheless  hereafter 
such  persons  should  be  considered  simply  as  candidates  for 
intermediate  schools.  They  should  then  be  taken,  for  a 
short  time,  into  an  educational  institution  suitably  organized 
for  their  further  training,  and  be  allowed,  on  their  gradua- 
tion, to  aid  in  practical  teaching  in  intermediate  schools,  to 
see  whether  or  not  they  are  really  qualified  to  teach  before 
they  are  granted    teachere'    licenses.     Certainly   the    present 
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custom  of  gi'antiug  teachers'  licenses  to  all  successful  ex- 
aminates  as  soon  as  tliey  have  passed  the  examination  is 
far  too  hasty. 
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THE  FURTHER  EDUCATION  OF  THOSE 
ACTUALLY  ENGAGED  IN  TEACHING. 

No  matter  whether  they  are  graduates  from  government 
institutes  or  successful  examinates  or  iion-examinates,  all 
those  who  have  once  secured  licenses  as  intermediate  school 
teachers  ought  to  devote  themselves  earnestly  to  their  work, 
and  lest  they  retrograde  in  scholarship,  they  should  endeavor 
by  wide  reading  to  become  acquainted  with  the  relative 
superiority  of  the  condition  and  progi'ess  of  mathematical 
education  in  all  advanced  countries.  This  reading  should 
include  reference  and  text-books  in  Ejiglish,  French  and 
German,  not  to  speak  of  those  in  Japanese,  mostly  to  be 
found  in  the  reports  of  intermediate  schools.  They  should 
also  pay  constant  attention  to  such  necessary  changes  as 
should  be  introduced  into  the  mathematical  course.  Such 
demands,  however,  are  certainly  far  too  heavy  to  be  met  by 
intermediate  school  teachers  in  Japan  at  present.  It  is  true 
that  among  the  best  teachers  there  are  many  who  have  been 
very  diligent  and  are  really  accomplishing  good  results ;  but 
as  yet  the  majority  of  intermediate  school  teachers  are 
lamentably  ignorant  of  the  world's  progress. 

Accordingly  the  Department  of  Education,  aiming  con- 
stantly to  improve  the  scholarship  of  its  teachers  and  their 
methods  of  teaching,  has  made  use  of  the  long  vacation  as 
an  occasion  for  opening  summer  schools.  In  order  to  carry 
out  this  object  still  more  effictively,  however,  it  has  recently 
entrusted  this  work  to  the  Higher  Normal  Schools  which 
convene  for  this  purpose  some  forty  or  fifty  teachers  of 
mathematics  from  all  pai-ts  of  the  Empire.  The  results 
seem  to  be  really  encouraging. 

And    yet    it    would  defeat  its  very  object,  if  the  teachers 
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should  simply  be  satisfied  witli  taking  this  work  in  a 
passive  way  as  being  compulsory  instead  of  taking  in  it  an 
active  and  spontfuieous  interest  of  their  own.  If  it  is  to  be 
of  any  real  benefit  to  them,  they  must  take  it  up  of  their 
own  accord,  and  must  devote  themselves  to  it  absolutely. 
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CONCLUSION. 

All  that  has  thus  far  been  said  is  for  the  most  part 
simply  a  rejwrt  concerning  the  present  condition  of  the 
ti'ainiug  of  intermediate  school  teachers  in  Jax>au.  Arid  3'et 
at  the  same  time  I  have  tried  here  and  there  to  insert  my 
ovm  opinion  concerning  some  futm-e  policy  that  ought  to  be 
adopted.  The  present  course  of  mathematics  in  intermediate 
schools  generally  divides  itself  into  aritlimetic,  algebra, 
geometry,  and  trigonometiy,  each  being  taught  apart  from 
the  rest.  In  the  Syllabus  of  Teaching  recently  issued  for 
intermediate  schools,  there  is  a  certain  intermixture  of 
aritlunetic  and  algebra.  I  can  not,  however,  help  wisliing 
to  see  a  course  of  mathematics  so  organized  as  to  embrace 
aU  fom"  divisions  in  one  unique  combination,  and  to  assign 
the  result  according  to  each  school  year.  From  a  practical 
point  of  view,  there  is  no  need  for  a  student  to  have  two 
such  different  ways  of  solving  a  problem  as  the  arithmetical 
and  the  algebraical.  He  simj)ly  needs  to  solve  it,  no  matter 
how  he  needs  nothing  more.  And  yet  I  do  not  mean  to 
imj)ly  that  only  one  way  need  be  taught.  I  would  have 
the  one  problem  solved,  once  for  all;  and  not  have  it  solved 
again  by  algebra,  when  it  had  already  been  solved  by 
arithmetic.  Such  a  miique  combination,  I  wish  might  be 
made  not  only  in  the  case  of  arithmetic  and  algebra,  but 
also  in  the  case  of  geometry  and  trigonometiy  as  well. 

Plane  geometry  and  solid  geometry  were  in  former  days, 
as  a  matter  of  course,  and  at  present  still  are  taught 
separatly.  And  yet  I  am  firmly  convinced  that  the  cambina- 
tion  liere  is  not  very  difficult  to  make.  In  the  near  futm-e, 
a  text  book  aiming  at  such  a  combination  will  very  pro- 
bably appear  in  Japan. 
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T  have  expressed  above  my  wish  to  see  a  course  of 
mathematics  so  organized  out  of  arithmetic,  algebra,  geometry 
aud  trigonometry  as  to  form  a  unique  whole,  and  to  have  a 
text  Ijook  thereof  so  comj^iled  as  to  accord  with  class 
distinctions.  It  is  not  my  desire  to  bring  up  the  discussion 
of  any  such  question  as  ought  to  be  easier,  for  it  is  mider- 
stood  that  the  text  book  would  be  compiled  in  accordance 
with  the  subject  distinctions.  Cei-tainly  there  is  much  in 
algebra  that  ought  to  be  easier  than  geometry.  At  the  same 
time,  there  is  also  much  in  geometiy  that  ought  to  be  easier 
than  algebra.  Should,  however,  a  unique  course  of  ma- 
thematics be  organized,  no  such  inconvenience  would  occur 
anymore, — even  if  a  part  of  arithmetic  came  after  algebra. 
Moreover  the  mathematical  knowledge  given  to  the  students 
in  intermediate  schools,  must  not  be  limited  to  such 
narrower  Ixjunds.  Such,  for  instance,  as  in  analytic  geometry, 
the  application  of  the  co-ordinate  axes  which  is  really  neces- 
sary for  their  daily  life.  And  it  is  not  so  very  difficult  to 
make  them  understand  it.  It  would  certainly  be  most 
unwise  to  try  to  teach  them  any  such  organized  knowledge 
of  analytic  geometry  as  is  contained  in  the  text  book.  But 
at  the  same  time  they  should  at  least  have  an  idea  of  the 
co-ordinate  axes.  It  is  certainly  a  regretalole  fact  that  hero 
in  our  country  the  use  even  of  section-paper  is  not  much 
thought  of. 

Differential  and  integral  calculus  was  formerly  regarded 
as  far  too  advanced  a  department  of  mathematics  to  be 
attained.  On  account  of  a  sort  of  secondary  effect  of  such 
erroneous  ideas  still  remaining,  the  majority  of  teachers  are 
rather  inclined  to  dispense  with  it  entirely,  being  temfied 
by  the  mention  of  its  name  or  the  sight  of  its  symbols. 
And  yet,  with  proper  care  and  method,  much  of  it  can  be 
successfully  taught  even  to  a  beginner.  Li  fact,  we  are 
even  at  present  actually  teaching  much, — e.r/.  such  as  the 
mensuration  of  volume  attached  at  the  end  of  solid  geometry, 
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— that  really  dej)ends  upon  calculus,  however,  not  making 
use  of  its  name  or  symbols.  And  in  fact,  such  teaclung  is 
absolutely  necessary  in  intermediate  schools.  Wliat  I  would 
wish  to  see  is  the  cutting  down  of  so-called  liigher  ma- 
thematics, the  doing  away  with  too  much  of  the  unavail- 
able properties  of  circle,  tiiangle,  etc.,  wliich  jM'oves  useless 
later.  We  must  unsparingly  cut  out  much  of  elementary 
mathematics  that  ought  to  be  cut  out,  and  must  substitute 
in  its  place  the  necessary  and  indispensable  -paxi  of  liigher 
mathematics.  In  this,  however,  it  is  stiU  uncertain  just 
what  to  eliminate  or  just  what  to  substitute. 
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The  Teaching   of  Mathematics 

in 

Girls'  High  Schools. 

The  present  report  was  prepared  based  upon  the  reports 
sent  in  from  twenty-nine  out  of  the  total  number  two 
hundred  seven  of  pubhc  and  private  girls'  high  schools. 
The  twenty-nine  schools  just  mentioned  include  the  Girls' 
High  School  attached  to  the  Tokio  Higher  Normal  Sclux)! 
for  Women,  the  Peeress'  School  or  the  Girls'  Section  of  the 
Peers'  School,  and  twenty-seven  prefectural  girls'  high 
schools. 

PART    I. 

Organization  of  the  Course  of  Mathematics  and 
THE  Present  Aspect  op  its  Instruction. 

CHAPTEPt  I.    AIM  AND  OPvGANIZATION  OP  THE 
GIRLS'  HIGH  SCHOOL. 

The  following  are  extracts  from  the  Ordinance  regulations 
relating  to  girls'  high  schools. 

(1)  Aim. 

The  girls'  liigh  sclia)l  lias  for  its  aim  giving  higher 
general  education  to  women. 

(2)  Length  of  Course. 

The  regular  comse  of  the  girls'  high  school  extends  over 
fom*  years  which,  according  to  the  local  circumstances,  may 
be  prolonged  hj  one  year. 

(3)  Qualification  for  Enti'ance. 

Candidates  for  admission  into   girls'    liigh    school    should 
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be  over  twelve  years  of  age,  and  liave  co^npleted  tlie 
elementary  school  course  of  six  years,  or  have  equivalent 
attainments. 

The  following  table  shows  the  average  ages,  in  1911,  of 
the  pupils  of  the  Girls'  High  School  attached  to  the  Tokio 
Higher  Normal  School  for  Women. 


Class 

1st 
year 

'2nd 
year 

3rcl 

year 

4tli 
year 

5th 
year 

Age 

12  Y.  7  M. 

13  Y.  4  M. 

14  Y.  9M. 

15  Y.  9  M. 

15  Y.  6M. 

(1)     Subjects  of  Study  and  Number  of  Hours  of  Listruc- 
tion  per  week. 

Schedule  for  the  Four  Years*  Course 


----.^^^  Class 
subject^"---^,^^^ 

1st 

year 

2nd 
year 

3rd 

year 

4th 
year 

Morals 

2 

2 

2 

2 

Japanese 
langimge 

0 

6 

5 

5 

Foreign 
language 

•3 

3 

3 

3 

History 

1          ^ 

3 

2 

3 

Geography 

Mathematics 

2 

2 

2 

2 

Science 

2 

2 

2 

2 

Drawing 

1 

1 

1 

1 

Domestic 
economy 

2 

2 

Sewing 

4 

4 

4 

4 

Music 

2 

2 

2 

2 

Gymnastics 

3 

3 

3 

3 

Total 

28 

28 

28 

28 
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Schedule  for  the  Five  Years'  Course 


subject"^-,,^^^ 

1st 
year 

2u(l 
year 

3rcl 

year 

4th 
year 

5th 
year 

Morals 

2 

2 

2 

2 

2 

Japanese 
language 

6 

(i 

(> 

5 

5 

Foreign 
language 

3 

3 

3 

3 

3 

History 

1    ■' 

3 

3 

2 

2 

Geography 

Mathematics 

2 

•2 

2 

2 

2 

Science 

2 

2 

2 

2 

2 

Drawing' 

1 

1 

1 

1 

1 

Domestic 
economy 

2 

4 

Sewing 

4 

4 

4 

4 

4 

Music 

2 

2 

2 

2 

2 

Gymnastics 

3 

3 

3 

3 

3 

Total 

28 

28 

28 

28 

28 

(5)  Supplementary  Com'se. 

The  girls'  liigli  school  may  have  a  supplementary  com'se 
of  less  than  two  years. 

(6)  Special  Com'se. 

The  gu'ls'  high  school  may  have  a  special  coiu'se  for  the 
graduates  who  desire  to  continue  their  study  of  some  select 
subjects. 

Note : — In  many  cases  a  supplementary  course  of  one 
year  or  two  is  added  to  the  regular  course.  The  subjects  of 
study  in  supplementary  course  vary  according  to  local  con- 
ditions. In  some  cases  only  sewing  and  cookery  are  taught 
as    necessary    preparation  for    house  keeping ;  in    othei-s  are 
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givon  preparatory  stud}^  for  entrance  into  liiglier  normal 
schools  for  Avomen.  Again,  in  some  schools  some  of  their 
gradnates  are  tivained  for  becoming  elementary  school  teachers, 
in  view  of  the  scarcity  of  such  teachers  nowadays.  For 
those  pupils  desiring  to  enter  a  higher  normal  school  for 
women  or  to  become  elementary  school  teachers,  mathematics 
is  taught ;  and  aritlmietic,  algebra,  and  geometry  are  carefully 
reviewed  and  supplemented. 

At  present  there  are  only  two  schools  which  have  the 
special  com'se.  One  is  the  First  Girls'  High  School  in 
Kioto  and  the  other  the  Girls'  High  School  attached  to 
Tokio  Higher  Normal  School  for  Women. 

Only  in  the  latter  mathematics  is  being  taught.  Here 
the  period  of  study  is  tlu'ce  years,  and  the  branches  of 
mathematics  taught  are  arithmetic,  algebra,  and  geometry'. 
But  as  the  time  given  is  only  two  or  tluee  hours  "pev 
week,  the  work  accomplished  in  these  subjects  is  hardly 
equivalent  to  tlie  corresponding  ^^X)rk  in  middle  schools. 

CHAITEK    H. 

Aim  and  subject-matter  of  Instruction  in  iNIathematics. 

(1)  Subject-Matter. 

Arithmetic,  elementary  algel)ra,  elementary  geometry. 

(2)  Plan  and  Number  of  Hours  of  Listruction. 
First  yeor Two  hours  per  week. 

Arithmetic. 

Integers  and  Decimals. 

Numeration  and  notation,  fom-  rules  (sometimes  Soroban- 
calculation  is  taught  in  addition),  mental  arithmetic. 

Compound  Numbers. 

Time,  common  weights  and  measures,  metric  system, 
foreign  weights  and  measiues  (chiefly  yard  and  pomid), 
money  and  currencies,  foreign  money  and  cun-encies  com- 
monly used  in  om*  country,  descending  and  ascending 
reduction,  fom'  rules  in  compomid  nmnbers. 
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Fracti<ins. 

Notations,  kinds,  r(Hluction,  f(3iu-  rules  in  simpk;  fractions. 

Second  year Two  hours  per  week. 

Review  of  the  prece(lin;j;  year's   coiu'se. 
Pi'operties  of  Numbers. 

Multiple,    divisor,  divisilnlit^'    I)}'    2,  5,  4,  8,  9,  and  3, 

prime  iiumbere,  deconnx)3itioii  into  prime  factors,  greatest 

common  divisor  and  least  common  nuiltiple. 
Fractions. 

Reduction  to  the  lowest  terms,  reduction  to  the  common. 

denominator,  fom*  rules  in  fractions,  decimals  as  a  special 

case  of  fraction,  conversion  of  fractions  into  decimals. 
Ratio  and  Proportion. 

Ratio,    simple    proportion,    C(jmpound    proportion,    cliain 

nile. 
Percentage, 

Percent,  percentage,  l)ase. 
Interest. 

Simple  interest,  com^XDund  interest. 

Tliird  year Two  horns  i)er  week. 

Review  of  the  pr(^c(^ding  two  years'  course. 
Ratio  and  Proportion. 

Distributive  x>roportion  or  proportional  parts,  alligation. 
Percentage. 

Taxes,  notes,  bcmds,  shares,  insurance. 
S<piare  root. 
Mensuration. 

FouriJt  year    Two  hom's  \^x  week. 

Review  of  the  whole  arithmetic. 

Rudi:ments  or  Algebra  and  i:le:\ii:>,-tary  Geometory. 
Algebra. 
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Simple  algebraic  expressions,  negative  numbers,  equation 
of  the  first   degree. 
Geometry. 

Use  of  ruler  and  compasses,  kinds  and  constraction  of 
principal  geometrical  figures,  angles,  parallel  lines, 
theorems  and  constructions  pertaining  to  ti-iangle, 
proportion,  simple  quadrilateral,  circle  and  regular 
polygon,  area,  ratio  and  solids. 
Li    girls'    high    schools    having   five    years'     com-se,    the 

rudiments  of  algebra  and  elementary  geometry  are  taught  in 

the  fom-th  and  the  fifth  years. 

(3)  Aim  of  Instruction. 

The  direction  issued  l\y  the  Department  of  Education 
concerning  the  teacliing  of  mathematics  in  girls'  high  school 
runs  as  follows  : — 

"  TIio  mathematics  is  to  be  taught  in  order  to  make 
clear  the  nature  of  number  and  quantity,  to  ti'ain  girls  in 
calculation,  to  give  them  various  knowledge  necessary  in 
daily  life,  and  to  make  them  accm*ate  in  thinking." 

Ill  accordance  with  the  above,  in  arithmetic,  practical 
training  is  to  be  more  emphasized  than  the  theoretical.  In 
algebra  and  geometry  attention  is  directed  more  to  the 
logical  side,  and  to  the  development  of  the  x^ower  of  accm-ate 
aiid  rigorou:-;  thinking,  at  the  same  time  without  losing 
sight  of  practical  apph cations. 

(4)  Kelations  between  Different  Branches  of  Mathematics 
and  Connections  with  Other  Sulijects. 

(a)     Relation  between  arithmetic  and  algebra. 

The  teaching  of  algebra  should  be  closel}^  connected  with 
tliat  of  arithmetic.  It  is  impoiiant  that  what  hns  been 
taught  in  arithmetic  should  be  generalized  and  applied  to 
algebraic  calculations  in  letters.  In  giving  rules  and  solving 
problems,  care  should  be  bestowed  upon  the  inter-relations 
of  these  two  branches  of    mathematics.     And  thus  is    to    be 
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shown  why  nlgobrji  is  more  general  and  yet  simpler  than 
arithmetic,  and  that  all  tliis  comes  from  representing  num- 
hei*s  by  lettere. 

(h)     Relation  betAveen  geometry,  arithmetic,    and  algebra. 

Li  girls'  higli  schools,  as  regards  geometry,  om*  object  is 
to  give  a  general  idea.  Here  simplicity  and  ease  are  the 
desideratum.  So  sometimes  explanations  are  given  by  means 
of  concrete  examples.  Algebraic  rules  and  formulae  are 
often  applied  in  order  to  make  the  explanations  easy. 
Mensuration  taught  in  arithmetic  is  to  be  explained  in 
geometry. 

(c)     Relation  between  mathematics  and  other  subjects. 

Mashematics  and  physics  are  closed  allied  subjects ;  but 
since  physics  taught  in  girls'  high  schools  does  not  make 
much  use  of  mathematics,  we  need  only  consider  tlie  relation 
between  the  two  sul>jects  in  connection  with  weights  and 
measm'es,  composition  of  forces,  specific  gravity,  thermometry, 
optics  and  so   forth. 

Between  geometry  and  geometrical  drawing,  there  should 
be  close  relation. 

Between  mathematics  and  geography,  there  should  be 
relations  so  far  as  longitude,  calendar,  measurement  of 
distance,  statistics   of  productions  and  tlie  like,  are  concerned. 

Concerning  mathematics  and  domestic  economy,  there 
should  be  connections  as  regards  various  items  of  family 
income  and  expenditure,  savings,  insm-ance,  etc. 

Relations  should  be  established  between  mathematics  and 
book-keeping  included  within  domestic  science. 

As  regards  mathematics  and  sewing,  since  there  are 
many  things  requiring  calculation  in  sewing,  such  are  to 
be  included  in  arithmetical  problems  and  exercises.  Atten- 
tion is  also  to  be  drawn  to  making  estimates  in  sewing 
lessons. 

Formulae  of  cutting  may  l)o  simpliiied  b}'  making  use  of 
lettei"s  as  in  algebra. 
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All  the  problems  and  exercises  given  in  arithmetic  should 
136  such  that  they  may  be  useful  to  girls  in  view  of  their 
afterwards  becoming  home-makers. 

CHAPTER    ni. 

Examination. 

(1)  Object. 

(a)  Examination  is  given  in  order  to  test  and  gauge 
the  j)i"ogi"ess  and  attainments  of  individual  pupils. 

(h)  Separate  parts  are  frequently  leviewed,  and  besides, 
examinations  covering  the  whole  of  what  has  been 
taught  during  a  certain  period,  are  given.  Thus 
pupils  gain  the  chance  of  renewing  their  memory 
.  and  of  discovering  miity  and  connection  among  the 
parts  taught  separately. 

(c)  Examination  has  the  benefit  of  letting  jjupils 
i-ecognize  their  own  ability,  and  spurs  them  on  to 
further  study  with  zeal  and  interest. 

(d)  Tlu'ough  examination  the  teacher  becomes  acquainted 
with  the  following  particulars  : — 

(i)     Whether    pupils    have     clear    comprehension  of    the 

subject. 
(ii)     Whether  pupils  are  skilled  in  calculation, 
(iii)     Whether    pupils    have    the   haljit    of    writing    figures 

credital)ly. 
(iv)     Whether  pupils  are    able    to    express    their    thoughts 
clearly  and  concisely. 
Tlirough    the    Knowledge    of    the    above    particulars,    the 
teacher  is  able  to  direct  the  future  com'se  of  instruction. 

(2)  Method. 

Some  are  of  the  opinion  that  it  is  harmful  to  girls  at 
this  stage  of  mental  and  physical  development,  to  jjile  up 
at  one  time  examinations  of  various  subjects.  They  wish 
to  see  pupils'   standing    judged    by    the    results    of    frequent 
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reviews,  given  at  coiivoiiiont  intervals  witli  or  Avithont 
previous  warning;. 

Again,  ueeording  to  ihv  o[)inion  of  some  otlu^rs,  (examina- 
tion is  to  be  conducted  exactly  as  in  boys'  schools  i.e. 
once  or  twice  in  each  of  tluee  terms  into  Avhich  one  school- 
yeav  is  divided,  with  previous  warning,  covering  all  the 
parts  tauglit  during  the  term. 

Again,  there  are  still  some  (jthers  who  wish  to  see  the 
above  two  methods  I'ombined.  In  this  case  the  former  is 
called  a  special  examination  and  the  latter  the  regular. 

(3)  Kinds  of  Questions. 

{(>)  Questions  especially  given  for  judging  proficiency  in 
calculation. 

{/))     Questions  aimed  at  testing   the  ]X)we]'  of  reasoning. 

(c)  Questions  particularly  relating  to  matters  of  daily 
life. 

(f/j  Questions  involving  mental  calculation  and  making 
approximate  estimates. 

(e)  Questions  given  to  test  the  quickness  in  understand- 
ing and  calculation. 

(4)  S^'stem  of    Marking. 

According  to  the  kinds  of  questions,  some  answers  are 
marked  from  the  point  of  view  of  reasoning,  and  some  from 
that  of  practical  calculation. 

Tlie  liighest  mark  given  is  sometimes  one  hundred,  and 
sometimes  ten.  In  reporting  pupils'  scholarship  to  their 
liomes,  their  standing  is  classified  and  expressed  in  one  of 
the  signs  of  the  following  sets: — 

"liigh,"  "middle,"  "  Ioav." 

"1st,"     "2nd,"     "3rd"     "4th." 

"  Excellent,"     "  good,"  fair." 

By  thus  reporting  pupils'  standing  to  their  homes, 
endeavom-  is  made  t<j  co-operate  with  the  homes  in  furthering 
the  pupils'  progi'ess. 
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CHAPTER     IV. 

Method  of  Teaching. 

That  the  metliocl  of  instruction  should  vary  according  to 
the  subject-matter  is  almost  self-evident.  But,  generally 
speaking,  our  teacliing  of  mathematics  proceeds  in  the 
following  order : — 

(1)  Preparation. 

(«)     The  facts    already    taught    and    connected    ^^■ith    the 

days'  work,  are  reviewed. 
(h)     Tlie  facts  ahead}'  given  in    other    subjects    of    study 

and     having     relations     with     the    day's    work,    are 

reviewed  and  discussed. 
(e)     When  weiglits  and  measures,  money,  taxes,  insurance, 

and  the  like  arithmetical   matters  aie    to    be   taught, 

we    appeal    to    be     knowledge    wliich    pupils    might 

have  got  outside  the  school. 
(d)     111  solving    problems,    sometimes    easier    preliminary 

exercises  are  given. 

(2)  Actual  instruction. 

(a)  New  matters  are  rarely  presented  in  the  form  of  an 
exposition,  but  usually'  in  that  of  a  discussion. 

(/>)  Real  objects,  moulds  or  diagrams  are  sometimes 
shown  to  the  pupils  to  make  matters  clear. 

(c)  In  teaching  the  solution  of  a  problem,  the  proof  of 
a  theorem,  or  the  method  of  construction,  simple 
examples  are  shown  first,  then  pupils  are  led  on  to 
find  out  the  solution  or  pi-oof  l)y   themselves. 

(d)  While  j)i^pils  a-'e  working  their  exercise,  the  teacher 
goes  up  to  each  of  tliem  in  the  class,  and  directs 
her  or  gives  suggestions  as  the  case  may  require. 

(e)  When  a  solution  or  an  answer  is  shown  on  the 
black-board,  the  passages  of  x^'^-i'ticular  importance 
are  especially  pointed  out. 
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[f)     Xxij    relations     existing     between     ali'enclj     learned 

matters    and    the    new    are     to    l;o    tlionglit    out    by 

pupils. 
((/)     In    case    tluM-e    are    mfiny    solutions    of     a    problem, 

pupils  are  encouraged  to  tliink  out  as  many  solutions 

as  they  can,  and  to   compare  their  i-elative  merit. 
(Ji)     Cliief    points    of  the    day's    lesson    are    grouped  and 

repeated,    and    es]iecially    fundamental    axioms     and 

theorems  learned  during  the  lesson  are  clearly  written 

out  by  pupils. 

(3)     Applications. 
(«)     Exercises  and  applied  prol)lems  which  can  be  solved 

by     the     use     of    newly    learned    rules,    are     given. 

Practical    applications    of    newly    acquired    rules    are 

always  emj^hasized. 
Q))     When     a     chain     of     related  matters    is    completely 

taught  to  the  end,  a    certain  suitable  length  of  time 

is  devoted  to  the  j)romiscuous    examples   relating    to 

such  matters. 

Point  EEQUiRmCr  Special  Attention   in  Instruction. 

Aritlunetic. 

(1)  Pupils  are  always  required  to  write  the  figures  clearly 
so  as  not  to  confuse  1  with  7,  3  with  7,  G  with  0, 
4  with  9. 

(2)  In  calculation,  pupils  are  trained  to  write  down  figures 
in  right  columns  in  right  order ;  if  not,  much 
miscalculation  is  apt  to  arise,  and  mnch  of  the 
teacher's  time  and  energy  would  be  called  for  in 
correcting.  It  is  necessary  to  train  girls  in  this 
matter  at  the  very  start,  as  it  becomes  harder  after- 
wards to  correct  the  disorderly  hal)it. 

(3)  In  teacliing  solution  of  a  problem,  it  is  necessary 
to  consider  the  pr-oblem  from  all  points  of  view,  and 
find  the  best  solution. 
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(4)  IM():lol  pi(>l)lems  nre  carefully  treated  and  are  to  be 
made  sufficiently  understcxxl  by  pupils  that  tliey 
may  bo  able  to  solve  analogous   problems  afterwards. 

(5)  Problems  of  similar  natm'e  are  given  repeatedly  as 
long  the  time  is  allowed. 

(G)  Calculations  of  frequent  occurrence  in  daily  life  are 
to  be  practised  as  much  as  possible.  For  this 
purpose    it    is    advisable    to    use  a  pjirt    of  a    lesson 

hour either  at  the    beginning  or   at    tlie  end 

for  mental  calculation  and  approximate  calculations 
in  four  rules.  It  is  impossible,  liowever,  to  obtain 
a  satisfactory  result  in  a  short  time.  Only  by  a 
long  and  steady  practice  any  jjrogress  could  be  ex- 
pected. 

(7)  Pupils  are  ax)t  to  he  careless  and  err  in  putting 
the  decimal  point  in  its  proper  place.  Teachers 
should  ti-y  to  impress  on  them,  how  grave  a  mistake 
such  carelessness  may  lead  to. 

(8)  Problems  of  daily  life  are  not  so  simple  as  the 
problems  given  in  a  text-book,  and  if  pupils  are 
trained  only  in  easy  imaginary  ones  at  school,  they 
would  be  at  a  loss  afterward  when  face  to  face  with 
the  comi)licated  matters  of  life.  Hence  it  is  necessary 
that  teachers  should  make  up  exercises  from  matters 
of  every  day  life,  put  in  some  complex  numbei"s, 
and  let  the  pupil  tliink  out  the  solution,  giving  her, 
at  the  same  time,    much  practice  in  calculation. 

(9)  Appli(xl  problems  become  most  efficient  when  chosen 
from  matters  relating  to  local  conditions.  These 
help  to  increase  the  pupils'  knowledge  of  economics 
and  of  household  affiiii-s. 

(lOj  From  time  to  time,  problems  relating  to  household 
economics  are  given  to  train  girls  in  the  com- 
X)lexities  of  income,  expenditm-e,  etc. 

(11)    Teachers  should  be  always  on  the    look-out    iov    the 
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markot-prico  of  things,  and  convey  to  the    pupil    an 
appropriate  idea  of  cuiTent  price  of  things. 

(12)  In  giving  pTOl)lems  of  percentage  and  others  rehiting 
in  any  May  to  percentage,  the  fundamental  points 
are  emphatically  explained  and  it  may  he  -well  to 
acqnaint  the  pupil  with  some  reference-hooks  which 
might  be  of  use  to  them  in  future. 

(13)  Li  solving  an  arithmeticnl  problem,  an  algebraical 
method  or  a  method  deduced  therefrom  may  Ije  used. 
But  for  those  who  have  not  learned  equation,  it 
would  be  h;ivd  to  understand.  Moreovei',  there  is  a 
certain  fundamental  difference  between  arithmetical 
and  algebraical  solutions.  Therefore  in  solving  an 
arithmetical  problem,  preference  is  to  be  given  to  a 
reallj'  arithmetical  solution. 

(14)  Sometim.es  pupils  are  seen  to  use  fingers  in  doing 
some  problems  in  addition  and  subti'action :  e.  g. 
such  proljlems  as,  "  The  third  day  of  a  certain 
month  is  a  Sunday.  What  day  of  the  month 
would  be  the  succeeding  Sunday?"  or  "  Hoav 
many  hours  are  there  between  5  A.M.  and  7  P.M." 
Exercises  should  be  given  for  the  express  purpose  of 
abating  such  habit. 

(15)  In  all  cases,  veiification  should  be  encouraged. 

(16)  Not  only  pai-tial  reviews,  Init  also  reviews  including 
a  wider  range  are  being  given  from  time  to  time, 
so  that  pupils  may  constantly  have  the  clear  idea 
of  the  fmidamentals. 

Algebra. 

(1)  The  ]-elation  between  algebra  and  arithmetic  is  to 
be  made  clear  and  the  connection  between  the  two  is 
to  be  kept  in  view  as  far  as  jwssible. 

(2)  Pupils  studying  algebra  for  the  fii-st  time  often 
experience  more  difficulty  than  teachei-s  anticipate. 
Therefore     it     is    best    to    let    them    first    solve    an 
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arithmetical  pi'oblem  nritlimeticall}",  then  let  them 
write  down  somethiug  like  a  formula  emlx)d3'iiij^ 
the  various  steps  of  the  solution,  and  then  replac- 
ing numbers  therein  by  letters.  Tliis  will  show  them 
the  relationslup  Ijetween  a  number  and  a  letter. 

(3)  Let  the  pupils  become  gi-adually  convinced  in  that 
algebra  is  simpler  and  more  general  in  its    working. 

(4)  Li  spite  of  the  fact  tliat  a  letter  rex^resents  an 
abstract  number,  x^upils  are  apt  to  tliink  as  if  it 
denotes  a  concrete  nmnber.  This  common  en-or  is 
to  1:;e  pointed  out  and  suppressed. 

(5)  Important  formulae  are  to  be  committed  to  memory, 
^^o  that,  Avhenever  necessary  these  may  readily  be 
used. 

(6)  Verification  is  necessary  in  every  case,  and  in 
solving  applied  problems  by  means  of  equation,  the 
results  are  to  be  discussed. 

(7)  Besides  these,  all  the  jwints  mentioned  under 
arithmetic  apply  to  this  case  also. 

Geometry. 

(1)  The  teacliing  of  geometry  in  girls'  high  schools  aims 
at  giving  an  accurate  conception  of  space,  and  also 
developing  the  ix)^-er  of  tliinking.  However,  in 
teaclung  the  beginners,  it  is  found  advisable  not 
to  adhere  too  strictly  to  pm*ely  logical  method,  but 
at  first  to  make  use  of  intuitive  method  or  of  induc- 
tive method,  sometimes  simplifying  the  explanation 
by  making  use  of  numbers.  Then  after  that  it  may 
be  well  to  x)i"oceed  gradually  to  more  logical  method. 

{2)  Tlie  words  used  in  explanation  must  of  com-se  he 
clear  and  explicit.  But,  very  often  in  the  teaching 
of  geometry,  the  language  used  is  apt  to  become  too 
stiff  and  book  i  si  i,  far  removed  from  om-  everyday 
talk.  But  it  is  j^lain  that  a  clear  and  concise 
explanation    need    not     necessarily     be     in     bookish 
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Lmgii.-igo,  So,  except  when  repeating  theorems  or 
definitions,  ])r(yofs  are  to  be  given  in  ordinary 
conversational  language.  This  gives  also  a  hecoming 
air  of  gentleness  to  girls,  and  at  the  same  time  avoid 
the  misunderstanding  that  a  laudable  process  of 
induction  can  only  be  expressed  in  unwonted 
language. 

(3)  "Wlien  pupils  are  working  on  geometrical  x^i'oblems, 
sugsestions  and  helps  should  be  given  rather  sparingly, 
and  only  at  the  piints  of  great  difficulty  and 
importance.  For  the  rest  pupils  should  be  trained 
to  work  on  by  themselves,  feeling  the  Avay,  so  to 
speak.     If  a  teacher  is  too  ready  to    give  a    helping 

hand,  pupils and  particulary  incompetent  ones 

are  apt  to  avoid  the  trouble  of  thinking,  and  try 
only  to  memorize  the  process    of  a  proof. 

(4)  Li  proving  a  theorem  or  in  solving  a  problem,  there 
are  usually  several  ways  of  arriving  at  the  result ; 
among  them  there  is  often  one  way  which  is 
recognized  by  many  as  the  most'  direct  and  efficient 
one.  It  is  important  to  teach  the  pupils  such  ways 
and  xnethods.  Li  this  connection  is  to  be  observed 
the  following  : — 

(a)  The  fmidamental  theorems  should  be  memorized, 
and  solutions  of  model  jiroblems  be  reviewed  frequently. 

(b)  A  theorem  or  a  problem  should  not  be  thought  out 
with  refrence  to  a  special  form  or  diagram.  For 
instance,  if  a  question  is  asked  of  a  tiiangle,  some 
pupils  often  tlunk  of  a  right  angled  triangle  or  an 
isosceles  triangle,  and  by  so  doing,   upset  the  whole. 

(c)  Diagi'ams  should  be  draAvn  carefully.  An  acciu'ately 
drawn  diagram  is  often  the  means  of  finding  a 
right  solution. 

(d)  The  premise  and  the  conclusion  of  a  theorem  or  a 
problem    should    l)e    made    clear    by    refering    to  the 
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diagivims.      Tlirongli    neglectiiif};    this,     pupils     often 
fail  in  their  work. 

(e)  The  process  of  finding  a  pr(K)f  nuiy  sometimes  begin 
from  the  conchision  liaokward  in  the  order  somewhat 
like  the  following :  firstly  the  recognition  of  the 
meaning  eml:odied  in  the  premise ;  secondly,  keeping 
in  mind  the  result  A^liich  can  be  easily  deduced  from 
the  y>remise ;  thir(ll^',  finding  out  of  the  relation 
(J)  which  must  hold  good  in  order  that  the  conclu- 
sion be  true,  fourthly  finding  out  the  relation  (B) 
which  must  hold  good  in  order  that  the  relation  A 
be  true ;  thus  proceeding  backwards  and  finally 
arriving  at  the  result  obtained  at  the  second  step 
from  the  premise.  In  this  way  a  -pv(X)i  may  some- 
times be  found. 

(/)  Sometimes  it  is  convenient  to  consider  the  contraposi- 
tion of  a  given   theorem    and    sometimes  its  obverse. 

(g)  Efibrts  should  be  made  to  reduce  any  new  problem 
to  one  of  those  already  solved. 

(/<)  A  theorem  is  to  be  enunciated  in  the  simplest 
possible  words  as  befits  committing  to  memorj'. 

( i )  The  theorems  resembling  one  another  are  to  be 
compared  and  contrasted,  in  order  to  facilitate 
pupils  committing  them  to  memory  without  fear  of 
confusion.  Such  are,  for  examijle  theorems  concerning 
equality  and  similarity  of  triangles. 

General  remarks  concerning   the    teaching 
of    mathematics. 

(1)  Mathematics  does  not  only  aim  to  train  the  pupil 
to  comprehend  clearly,  but  also  to  give  her  the 
facility  of  calculation  and  the  ability  for  application. 

(2)  Let  the  pupils  .be  accustomed  in  expressing  exactly 
and  concisely'. 

(3)  Li  giving  problems  to  the  class,  the  following  points 
are  to  be  particularly  noticed : 
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(a)  Prosontation  of  fi  pi'obleni  should  he,  done  orally,  or 
by  writing  down  principal  ix)ints  on  the  black- 
board, or  by  tlie  use  of  a  text-lxx)k. 

(b)  Sometimes  let  pupils  themselves  make  problems  and 
present  tliem  to  the  class. 

(c)  As  a  model  problem  or  theorem  must  draw  the 
attention  of  the  whole  class,  it  should  be  written 
do"un  on  the  black-board.  Then  its  meaning  must 
be  explained  and  made  clear.  And  then  and  only 
then  we  have  to  liroceed  to  the  proof  or  solution. 
In  case  there  is  a  sufficient  number  of  black-boards, 
a  theorem  or  problem  may  be  written  on  a  black- 
board, before  the  class  begins. 

(4)  Li  taking  a  romid  of  a  class  the  following  ]ioints 
are  to  be  oljserved. 

(«)  Teachei-s  must  take  a  romid  of  a  class  quickly'  and 
thoroughh'. 

(h)  If  most  of  the  students  in  the  class  are  found 
struggling  with  the  solution  of  a  pi-oblem,  the 
teacher  should  open  a  discassion  on  the  i^x)int  of 
difficulty,  and  so  lead  them  on  to  the  right  solution. 
It  is  never  wise  to  let  the  pupil  waste  their  time 
and  energy  in  vain. 

(c)  It  will  be  necessary  to  make  some  special  efforts  for 
inferior  pupils  in  the  class;  but  the  class  as  a  whole 
must  not  be  lost  sight  of  for  the  sake  of  a  few 
individuals. 

(5)  Insi:)ection  of  answei-s  are  to  be  done  in  the  follow- 
ing way  : 

(«)  Let  the  pupil  explain  the  process  of  the  solution  of 
a  problem  clearly  and  concisely  and  avoid  falling 
into  the  l)ad  habit  of  being  miable  to  explain  the 
solution  thought  out  by  hei"self. 

(6)  Sometimes  let  a  pupil  write  down  on  the  black- 
board    the     entire   i)rocesses     of     the    solution    of    a 
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problem,  and  let  others  criticize.  Thus  the  pupils 
are  to  be  trained  in  expressing  their  own  thought 
clearly  and  concisel3\ 

(c)  In  case  a  pupil  was  unabk?  to  find  a  right  solution, 
the  teaclier  should  find  out  promptly  all  the 
essential  points  which  lead  to  failure,  and  teach  her 
in  such  a  way  that  she  shall  not  fall  into  the  same 
error. 

{(1)  If  the  majority  oi  the  class  failed  in  solving  a 
])roblem,  an  analogous  extra  problem  is  to  be    given. 

Text-liooks. 

The  text-ljooks  generally  iised  are  the  Girls'  High  School 
Text-books  compiled  according  to  the  directions  of  the 
Department  of  Education.  In  actual  teaching,  teachers  make 
suitable  alterations  and  modifications  in  using  these  text- 
lx)oks,  keeping  in  view  locnX  circumstances  and  the  state  of 
intellectual  development  of  pu])ils. 

Reference  Books. 

As  regards  the  teaching  of  mathematics  in  girls'  high 
schools,  it  is  not  desirable  merely  to  enlarge  the  sphere  of 
the  pupils'  knowledge  and  as  a  consequence  lose  the  grasp 
of  essential  points.  The  aim  is  to  make  pupils  thorouglily 
acquainted  with  the  contents  of  text-books  and  enable  them 
to  apply  the  knowledge  thus  gained  to  matters  concerning 
daily  life.  For  this  reason  there  is  ]iot  much  need  of 
reference-books.  Perhaps  a  collection  of  appi-opriate  pro- 
blems for  home-work  would  be  a  suitable  substitute.  But 
there  is  no  such  Iwok  published  as  3-et ;  the  only  way  open 
for  a  teacher  is  to  give  ])U])ils  a  certain  numljer  of  select 
problems  for  home-work. 

Models  and  Listruments. 
ShaJca-inefiHnYe,       K^Jira-JaJi:  n-nieiisnve,        Metre-measure, 
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INIeasuve  giA'hig  comparisons  of  the  tlu-ee  kinks  of  moasiiies, 
Tape,  Yard-measnro,  Foioign-mcasuro,  Gvaiii-measuro,  Liqiiid- 
measuve,  Metric  voliiine-measme,  Yaiioiis  kinds  of  balances, 
Clock,  Thei-monieter,  Compass,  Japsinese  cuiTencies  or  tlieir 
<liagrams,  Diagi-ams  of  foreign  em-renoies.  Large  compasses 
for  black-board  use.  Various  kinds  of  rulers,  Protractor, 
Specimens  of  notes,  che<|ue,  share,  bond,  insm'ance  biU,  etc., 
!Models  of  geometrical  figures. 

All  these  models  and  instruments  are  to  be  put  and 
aiTanged  in  a  certain  fixed  ])lace,  so  as  to  atti-act  the 
attention  of  j^upils.  And  so  far  as  is  possible,  let  the  pupils 
use  them  and  make  experiment  with  them. 

Practical  Work. 

(1)  Li  some  convenient  place  in  the  vicinity  of  the 
scho!X)l,  ])upils  are  ti'ained  in  measming  distance, 
height,  area,  volume,  and  so  forth,  by  comiting  steps, 
l)y  estimation  and  by  actual  measming.  Pupils  are 
further  required  to  compare  the  lesults  of  measm-e- 
ment  by  diiferent  processes. 

(2)  By  using  lx)oks,  instruments,  pebbles,  etc.,  pupils 
are  trained  in  finding  weights  of  substances  by 
estimating  as  well  as  by  actual  weigliing,  and  in 
comparing  the  results  obtained. 

(3)  As  for  content  or  volume,  ] practice  is  done  by 
estimating  as  well  as  In*  actual  measming.  A  fixed 
quantity  of  some  thing  is  i)ut  in  difi'erent  kinds  of 
ccjntaining  vessels,  for  example  one  dto  capacity  of 
rice  in  a  diy  measure,  in  a  bag,  in  a  bottle,  and  the 
like  ;  and  pu])ils  are  required  to  observe  and  comjjare 
them. 
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PART    II. 

Modern  Tendencies  concernesG  the 
Instruction  of  Mathematics. 

CHAPTEE    I. 

CiuTent  Oiiinions  on  tlie  Organization  of  Schools. 

Estal)lislmient  of  a   new   kind   of   girl's   liigh   Schools  to  be 

called  riirls'  Imjli  real-school  (or  girls'  x^ractical  liigh  school). 

In  October  1910,  the  goA'ernment  regulations  for  gii-ls' 
high  schools  ■v\-ere  revised,  and  a  rnle  was  added  gi-anting 
the  annexation  of  a  x)i'''^^ti^^l  conrse  to  the  girls'  high 
school  or  the  establishment  of  a  new  kind  of  girls'  school 
to  be  called  girls'  liigh  real-school,  for  tliose  pupils  who  desire 
instructions  in  domestic  line  only.  This  x^lan  was  x^ut  into 
execution  since  Ax^ril  1911.  The  aim  of  the  plan  ma^'  l)e 
seen  from  the  following  directions  issued  bv  the  Depart- 
ment of  Education. 

"  With  the  progress  of  education  for  women  in  recent 
times,  the  need  of  some  sorts  of  xwactical  or  utilitarian 
schools  for  girls  has  become  urgent.  Inconveniences  in  this 
connection  ai-o  being  experienced  by  provincial  authorities  on 
account  of  the  lack  of  directions  and  regulations  concerning 
such  schools.  It  is  true  that  the  girl's  high  school  is  allowed 
to  modify  its  ciu-riculum  so  as  to  suit  local  conditions.  And 
yet  there  remains  much  to  be  desired,  so  far  as  the  education 
in  domestic  line  is  concerned.  Oji  this  account,  the  new 
regulations  allow  to  annex  a  practical  course  to  a  girls' 
higli  school.  La  tliis  new  course,  more  imix)rtance  is  to  be 
put  on  sewing,  j>i'a'Ctical  subjects  are  to  be  added,  and  more 
freedom  to  be  given  as  regards  the  selection  of  subjects  as 
well  as  the  number  of  liom-s  of  instruction  i^er  week,  so  as 
to    fit    local    conditions.     Moreover,    girls    high    schools    may 
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admit  elective  pupils  /.  c.  those  wlio  choose  the  subjects  of 
study  at  their  option.  And  thus  is  given  the  chance  of  easy 
access  to  studies.  In  putting  the  i-evised  regulations  into 
execution,  no  efforts  slioiUd  be  spared  in  selecting  suitable 
subjects  of  study  and  in  keeping  within  ])roper  bounds  as  to 
the  grade,  so  as  to  fit  local  conditions  as  far  as  ]X)ssible." 

"  The  education  of  girls,  the  moral  education,  in  particular, 
can  only  be  satisfactorily  earned  out,  when  the  school  and 
the  home  work  together.  Tliat  a  girl  lives  far  away  from 
lier  parents  for  the  sake  of  attending  a  school,  is 
open  to  serious  anxietj".  Bearing  this  in  mind,  facilities 
are  given  to  local  authorities  for  establishing  schools  for 
girls.  In  addition  to  girls'  high  scha:)ls  of  old,  the  local 
authorities  are  allowed  to  esbiblish  girls'  high  i-eal-school 
either  as  a  separate  school  or  as  an  annex  to  a  higher 
elementary  school.  And  tlius  more  chances  and  convenience 
are  given  to  girls  to  be  able  to  receive  necessary  education 
without  leaving  their  homes.  At  tlie  same  time,  indisciimi- 
nate  and  hap-hazard  establishment  of  such  scIkxjIs  does  not 
accord  with  the  spirit  and  the  aim  of'  the  revised  regulations. 
Due  attention  is  to  be  ])aid  to  the  local  financial  conditions 
and  supply  of  teachers." 

"  The  aim  of  the  aforesaid  practical  com-se  is  to  rouse 
interest  of  girls  in  industrial  work,  and  bring  them  up  as 
work-loving  women.  It  is  indeed  grievious  to  see,  sometimes, 
young  women  of  middle  class  not  at  all  so  trained  as  to 
become  com^MBtent  housewives.  And  the  object  of  the 
practical  com-se  is  to  diminish  sucli  cuiTcnt  grievances. 
TJuit  the  coui"se  is  made  optional  is  due  to  the  consideration 
of  local  economic  conditions  and  of  the  difficulty  of  seeming 
competent  teachers." 

The  a]x)ve  instructions  were  inmiediately  put  into  practice, 
and  no  less  tlian  foiiy-four  such  public  schools  and  seven 
such  i)rivate  schools  have  since  been  esbxblished.  And  thus 
improvement  in  women's  educatitju  is  being  carried  on. 
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(1)     Ref[nirement  for  Eutraiice. 
The    qualification    for    admission    is    that    the    candidate 
should  be  atove  twelve  years  of  age  and  hare  completed  the 
elementary    school    coui"se    of    six    years    or    have    equivalent 
standing  of  scholarship. 

(2)     ]")uration  of  the  Course. 
The  duration  of  the  practical  course  is  as  follows  : — 
(a)     Four  years,    in   case   the   qualification  for  admittance 

is  the  completion  (»f  tlie  elementary    school  course  of 

six  years. 
(li)     Three    3^ears,  in  case  the  qualification  for  admittance 

is    the    finishing    of    the    1st    .year     of    tlie     higher 

elementaiy  course, 
(c)     Tm'o  years,   in    case    the    qualification  for  admittance 

is    the    completion    of    the    '2nd    .year    of    the  higher 

elementary  com-se. 


(3)     8ul)jects  of  Study  and  Numl)er  of 
Hours  of  Instruction  i)er  week. 

(  a  )     Four  years'  Course. 


^'~" — ~..„^^^     Classes 
Siibjects^'"-"-----,.^^^ 

1st 
year 

2nd 

year 

:!rd 
year 

4th 
year 

Morals 

2 

2 

1 

1 

Japanese  language 

r> 

0 

♦> 

(1 

History 

2 

2 

Mathematics 

2 

2 

2 

2 

Science  .and  house- 
keeping 

2               2 

:{ 

3 

Sewing 

It 

14 

18 

18 

Drawing 

1 

1 

Singing 

2 

2 

]\Iannal  work 

3 

3 

Gymn.nstics 

•3 

:) 

3 

3 

Total                                    M 

:u 

3G 

3r, 

ABT.  vrn.] 
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(  b  )     Three  years'  CDurse. 


(  '• )     Two  ycnrs'  t-ourse. 


^-\      Classes     jg^ 

2n.l 
year 

3r.l 

year 

Morals 

'2 

1 

1 

Japanese 

language 

6 

6 

() 

History 

2 

Mathematics 

2 

2 

2 

Science  and 
house-keeping 

2 

3 

3 

Sewing 

14 

18 

18 

Drawing 

1 

Singing 

2 

Manual  work 

3 

3 

Gymnastics 

3 

3 

3 

Total 

34 

36 

36 

"~^..,^^  Classes 
Subjects     ~~--^.^^^^ 

1st 
year 

2ml 
year 

iloruls 

1 

1 

■T.ipanese 

language 

6 

6 

Mathematics 

2 

2 

House-keeping 

3 

3 

Sewing 

18 

18 
3 

Manual  work 

3 

Gymnastics 

3 

3 

Tc)t;il 

36 

36 

Singing  and  raaniml  Avork   may   be   omitted,  and  manual 
■work  may  be  made  optional. 
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CHAPTER    n. 

Revision  of  Syllal)uses  of 
Girls'  Scli.ools. 

A  revision  of  tlie  syllabuses  of  girls'  schools  was  issued 
in  March  1911.  The  revised  syllabus  of  mathematics  is  as 
follows : — 

Girls'  High  School. 

First  year :     Arithmetic.     Two   hours   per  week. 

Integer  and  decimal. 

Compound  numl  )er. 
Second  year :     Aritlimetic.     Two  hours  per  week. 

jNIeasm^e  and  multiple. 

Fraction. 

Piopoi-tion  (ratio,  proportion,  compound  proportion). 
Third  year :     Arithmetic.     Two  hours  per  week. 

Proportion  (proportional  parts,  alligation). 

Percentage  (percentage,  interest). 
Fourth  year  :  Two  liours  per  week. 

Square  root. 

Mensm-ation. 

Reviews. 

Li  case  rudiments  of  alegebra  and  elementary  geometry 
are  given,  they  are  to  be  taught  in  and  after  the  tliird  ye<xr 
according  to  the  following  syllabus. 

Algebra. 

Easy  silgebraic  expressions. 
Equations. 

Geometry. 
Easy  plane  figures  and  solids. 
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Li  tlie  fifth  year  of  tlie  girls'  liigli  .school  of  five 
years'  course,  the  mattei-s  tauglit  in  the  first  four  yeai-s  are 
to  be  reviewed  nud  supplemented. 

■ 

Girls'  High  Real-School. 

Four  years'  course. 
The  same  as  in  the  girls'  high  school. 

Three  years'  course. 

First  year  :     Two  hours  per  Aveek. 

The  same   as   in   the  first  and  second  year  of  girls' 

liigli  school,  with  suitable  omissions  and  modifications. 
Second  year  :     Two  hours  per  week. 

The  same  as  iji  the  third  year  of  girls'  liigh  school. 
Tldrd  year  :     Two  hours  per  week. 

The    same    as    in    the    fourth    3'ear    of    girls'    liigli 

school. 

Two  years'  course. 

Fird  year  :     Two  hom's  j)er  w'eek. 

The  same   as   in   the  first  tlu-ee  3'ears  of  girls'  high 
school  with  suita])le  omissions  and  alterations. 

Second  year  :     Two  hours  per  week. 

The  same  as  in  the  fourth  year  of  girls'  liigli  school. 

Wa.rning. 
(i)     Tlie  instruction  in  mathematics  should  aim  not  only 

at    the    correct    and    sure    understanding  of  sul)ject- 

matter,    l)ut  also  at  the  skill  in   calculation  and  the 

aptitude  for  application. 
(ii)     In  teacliing  aritlunetic,    due  attention  is  to  be  i)aid 

to    what    the    pupils    have    already    learned    in   the 

elementary  school. 
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(iii)  111  jirithmetic,  besides  mental  and  "written  calculation, 
the  four  operations  in  .soro6r«? -calculation  are  to  he 
taun;ht,  as  much  as  oircumstances  allow. 

(iv)  In  teaching  algebra  and  goemeti'j,  their  relation  to 
arithmetic  is  to  be  kept  always  in  view.  In 
particular,  in  case  algebra  is  taught,  the  extraction 
of  square  root  is  to  be  taught  simultaneously  ;  and  in 
case  geometry  is  taught,  mensuration  is  to  be 
taught  at  the  same  time. 

The  revised  syllabuses  do  not  much  difler  from  those  of 
old  (chax^ter  11  of  Part  I).  The  main  feature  to  be  noticed 
is  that  they  do  not  go  into  details.  The  consequent  flexibi- 
lity^ is  to  be  taken  advantage  of,  so  as  to  suit  local 
circumstances  and  the  intellectual  development  of  pupils. 
Investigations  in  this  direction  are  being  earned  on  in  every 
girls'  high  school, 

OHArTEK   in. 

Various  Opinions  on  the  Instruction 

of  Mathematics. 

(1)     On  subject-matter. 

Up  to  the  xwesent  date,  the  branch  of  mathematics  chiefly 
taught  in  girls'  high  school  was  arithmetic ;  and  rudiments 
of  elementary  geometry  or  algebra  wuh  added  only  in  the 
4tli  year. 

On  this  account,  rigorous  proofs  were  tried  to  be  given 
and  comj)licated  proljlem  were  solved,  and  all  these  in 
arithmetic.  By  so  doing  much  efforts  have  Ijeen  wasted  and 
the  result  was  not  satisfactory. 

Now,  some  of  the  insti'uctors  of  mathematics  have  come 
to  the  conclusion  that  aritlmietic  should  only  aim  at  enal)ling 
the  puj)ils  to  solve  ordinary  prol)lems  and  to  do  calculation 
of  daily  need  quicklv  and    accurately  and  that  more  difticult 
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mattoiN  sliould  l)o  all  left  to  alegebra  uiid  ge()nioti\\'. 

Such  seems  to  be  nioi-e  in  accord  witli  the  ix}cuh'ar 
nature  of  mathematics ;  and  at  the  same  time,  this  maj 
caase  a  fresh  aspiration  of  the  pupil  foi-  fm-ther  stud^'. 

Moreover,  a  girls'  high  school  is  a  ])lace  where  higher 
geuei-jil  education  for  women  is  given,  and  generally'  speaking, 
it  means  the  last  stage  of  women's  educations.  Therefore, 
unless  there  be  an  inevitable  reason  against  it,  due  to  local 
circumstances,  the  teaching  of  the  rudiments  of  elementar\' 
algebra  and  geometiy  in  conjunction  with  arithmetic  in  the 
3rd  year,  and  upwards,  is  considered  lughl}'  desirable  in 
view  of  the  progi'ess  of  the  world.  Indeed,  there  are  man^' 
who  are  in  favour  of  tliis  opinion. 

The  hours  of  instruction  thus  to  be  used  foi-  get)metr,\' 
and  algebra  can  lie  taken  from  those  of  arithmetic  in  the 
following  manner. 

(«)  Those  parts  of  arithmetic,  wliich  the  pupils  have 
learned  in  the  elementary  school,  such  as  nimieration  and 
notation,  addition  and  subtraction  of  integers  and  decimals, 
may  be  passed  over.  Consequently,  the  time  formarly  sjient 
in  teacliing  such  subjects,  may  now  he  used  only  for  reviews 
f)f  the  same  and  coirld  naturally  be  much  reduced.  Yeiy 
often,  the  girls  of  the  first  year  of  the  girls'  liigh  schoc*! 
seem  to  lose  interest  in  arithmetic  through  the  repetition  of 
subject-matters  which  are  so  common  and  with  Avhich  the^' 
are  already  so  well  acquainted. 

(b)  As  the  i^roblems  of  chain-rule  could  all  be  solved  by 
repeating  simple  jwpoi'tion,  there  is  no  need  for  gi"\'ing 
chain  rule  as  a  distinct  method. 

(c)  The  theory  of  gr-eatest  common  measure  and  that  of 
least  common  multiple  may  be  refened  to  algebra,  and  here 
in  arithmetic,  onl}'  the  processes  of  finding  them  may  be 
given. 

(f?)  As  stated  in  connection  with  the  revised  syllabuses, 
extraction  of  square  root   should   better  be  taught  in  algebra, 
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and  meiisiu'ation  in  }j;eomotiy. 

(e)  All  the  a)ni])lieatfd  problems  <^f  liy{X)tlietical  character, 
or  those  unnecessarily  obscure,  should  be  altogether  omitted. 

(/)  Everything  of  piu"ely  tlieoretical  Jiature  should  bo 
omitted  in  arithmetic. 

(2)     On  the  Revised  Syllabus  of  Algebra. 

U])  to  the  date  of  revision,  syllaljus  for  algebra  contained, 
hy  Avay  of  introduction,  various  definitions,  foui'  rules  in 
monijmials,  negative  quantit^^  equation  of  the  fii'st  degi'ee, 
and  lastly  simultaneous  equations  of  the  first  degi'ee ;  and 
more  than  half  of  the  time  was  s])ent  in  calculation.  But 
though  calculation  is  all-important  m  arithmetic,  it  is  iiot  so 
important  in  algebi-a. 

If  the  work  is,  as  suggested  above,  limitted  to  the  gradf; 
of  being  alJe  to  solve  equation  of  the  first  degree,  exercises 
in  calculation  can  be  made  far  simpler,  and  the  hours  thus 
freed  may  be  efiicaciously  used  for  biijiging  out  more  general 
aspects  of  algebra. 

(3)     On  the  Aim  of  Instruction. 

As  mathematics  is  a  subject  in  close  coiinecti(jii  with 
daily  life,  modern  tendency  is  to  emphasize  its  practiced 
aspect ;  consequently  all  theoretical  considerations  are  to  be 
avoided ;  mental  calculation,  rough  calculation,  approximation, 
etc.  should  be  encouraged ;  moreover,  all  the  problems  should 
be  chosen  from  matter  of  daily  life,  nnd  pupils  required  to 
solve  them  by  thems(4ves,  so  that  the^'  may  be  prepared  for 
practical  purposes  of  everyda.y  need. 

(4)     On  Examination. 

Ikamination  was  being  given  heretofore,  as  explained  in 
Part  I,  for  \ery  good  x)wi'pose.  But  pupils  were  often  fomid 
to  study  only  for  the  sake  of  good  marks,  and  have  no 
interest  in  the  subject-matter  itself.  Even  tlieir  ]>arents  often 
took    the    same    attitude.     What    thoy    hike    for    the   gi'avest 
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oonsoquoiice  "was  tlio  i-esult  of  exaiuinatioii.  So  when  the 
time  foi-  examiiiJitioii  drew  nonr,  <2;irls  luitl — ^and  wore  allo^'ed 
by  paiouts — to  make  up  tlieir  daily  iie<jjlp('t  l\y  abnormal 
stmiu  of  brain.  Tlie  result  of  such  exei-tion  was,  naturalh', 
nothing  but  faint  and  casual  knowledge  of  subject-matter  and 
mental  and  physical  weakness.  Tliis  is  a  gi'are  question 
calling  forth  immediate  investigation  and  remedy. 

What  seems  to  be  the  prevailing  opinions  on  the  matter 
may  be  summed  up  as  follows  : 

In  schools  like  the  girls'  high  school,  there  is  no  need  of 
fixing  the  seniority  of  pupils  in.  a  class  according  to  their 
scholarsliip.  If  onl}'  discrimination  is  made  between  "pass" 
and  "failure,"  and  "  pass  "  classified  into  "  high,"  "middle," 
and  "  low,"  that  ^\'ould  l)e  sufficient  for  the  purpose  of 
home-report. 

Kegular  examinations  should  be  abolished.  B,y  carefully 
observing  the  pupils'  daily  i)i"ogress,  by  frequently  reviewing 
a  part  or  the  whole  of  the  subject  taught,  and  by  examining 
pupils'  own  exercise-ljook  once  in  a  week  or  two,  the  whole 
object  of  examination  can  be  satisfactoril}'  gained.  Moreover, 
such  a  procedure  will  have  the  advantages  of  balanced  and 
stead}'  Avork  on  the  part  of  the  pupils,  such  as  surer  memory, 
deejier  interest,  and  far  steadier  progress. 

The  complete  abolition  of  examination  may  be  impracticable 
in  some  branches  of  study ;  but  in  such  subject  as  mathe- 
matics, this  can  be  easily  realized,  if  instructors  ^ere  Avilling 
to  make  slight  extra  efforts  in  their  Avork  of  teaching. 

(5)     On  the  Connection  to  be  made  Avith 
Elementary  School  Arithmetic. 

In  spite  of  the  fact  that  much  of  arithmetic  had  already 
been  taught  in  the  elementary  school,  this  fact  Avas  not 
seldom  sufficiently  taken  into  account  in  teaching  mathematics 
in  girls'  high  schools.  Not  only  was  time  thus  Avasted,  but 
it  also  led  to  pupils'  slighting  the  subject. 
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(6)  On  Calculation. 
Calculation  is  ai3t  to  be  slighted,  and  not  enougli  exercise 
in  it  given.  Very  often  jjupils  think  tliat  they  can  easily 
add,  subtract,  multiply,  or  divide,  and  there  is  nothing 
further  to  be  learned  in  this  connection.  But  the  field  of 
calculation  is  vast,  and  there  are  varieties  of  methods  of 
calculation.  Even  ^vitliin  the  limits  of  four  rules,  there  are 
methods  like  api^roximation,  discussion  of  errors,  etc.  wliich 
require  further  study.  Therefore,  it  is  best,  whenever  a 
chance  occurs  in  practical  calculation,  to  lead  pupils  on  to 
the  first  step  in  advanced  calculation.  That  calculation  is 
usually  disliked  by  pupils  as  something  tedious  and  dry,  is 
due  to  the  lack  of  such  considerations. 

(7)     On  the  Necessity  of  Preliminary 
Instruction  in  Geometry. 

The  beginnings  of  a  study,  no  matter  what  the  subject 
is,  are  always  hard  to  grasp.  But  in  difficulty  of  access,  no 
other  subject  exceeds  geometry.  In  surveying  the  courses  of 
study  abeady  pursued  by  the  x^upils  of  the  girls'  liigh  school, 
one  finds  no  trace  whatever  of  geometric  figures  ;  consequently 
pupils  are  not  at  all  prepared  to  learn  such  things  as  solid, 
plane,  line,  naid  point  in  purely  geometrical  sense.  To 
ini])lant  in  the  brain  in  such  conditions  the  crystallised 
issue  of  hundreds  of  years  of  scientific  research,  is  by  no 
means  the  best  pedagogical  method.  It  is  no  wonder  that 
the  fii-st  hours  of  geometry  biing  to  average  girls  not  interest 
but  dislike  for  the  study.  Tlie  best  way  to  bring  about  the 
girls  to  like  the  subject  is  not  to  push  into  their  brain 
ihe  crystal,  but  a  more  digestil)le  substance  by  way  of 
l^reparation. 

As  a  means  of  such  preliminaries,  it  may  be  helpful  to 
let  pupils  draw  various  geometrical  figures,  using  rules, 
■compasses,  protractors,  and  measures. 

Note :     If  geometrical  figures   are  given  in  the  course  of 
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drawing,  sucli   a   lesson   should   l)e  ai-van«ed  to  come   before 
that  of  geometry. 

(8)     On  tlie  Treatment  of  Hard  and  Kasy 
Matters  in  Mathematics. 

It  often  occurs,  unfortunately,  tliat  mattei's  taught  in 
school  "with  mucli  pains  are  completely  forgotten  and  lost 
sight  of  in  after  3'ears,  and  not  even  fundamental  ^xjints 
remain  in  memory. 

The  only  remedy  for  this  is  to  Aveigh  the  importance  of 
matters  Ijeforeliand,  and  tlien  spend  both  time  anl  effort  in 
enforcing  vital  ix)ints. 

Individufilly  the  degi'ees  of  difficulty  in  leaiiring  a  new 
thing  may  vary.  But  generally  speaking,  the  ix)ints  which 
are  hard  to  grasp  or  are  apt  to  be  misunderstood  are  in 
common.  Notice  should,  therefore,  be  taken  of  such  parts, 
and  s^jecial  studies  be  made  as  to  the  methods  of  presenta- 
tion and  reviews  of  such  difficult  ])oints. 

(9)     On  the  Treatment  of  Pupils 
differing  in  Scholai-ship. 

The  greatest  difficulty  experienced  in  teaching  mathematics 
is  the  difference  in  aptitude  of  pupils.  This  difference  in 
scholarship  is  nowhere  so  marked  as  in  mathematics.  If 
superior  ones  are  to  exercise  their  ln*ain  to  the  full  extent, 
inferior  ones  are  entirely  left  behind,  and  are  often  iinable 
to  solve  even  a  single  problem,  dropping  all  the  while 
further  and  further  behind  the  class.  On  the  contrary,  if 
these  latter  are  to  be  made  the  central  mark  of  teachei"s' 
attention,  and  time  freely  used  for  their  sole  benefit,  the 
sacrifice  of  bright  i)upils  and  the  delay  of  the  work  are 
inevitable. 

Wliat  is  now  much  in  practice  in  schools  is  to  bike 
medium  scholars  as  the  standard,  tbit  is,  to  conduct  a  class 
with  their  comprehension  in  view.     But  it  necessarily  causes 
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considerable  draw-back  lx)tli  for  l)rigliter  pupils  and  tlio 
dull.  How  to  remedy  tliis  is  a  problem  wliicli  aAvaits 
(careful  study. 

So  far  there  has  not  Ijeen  much  suggested  as  to  the 
remed}'.  Dividing  a  class  in  two  sections  ^vitli  different 
work  for  each  section  mfij  ])roYe  to  be  helpful ;  but  this 
requires  a  gi-eat  caution,  for  a  girl  of  high  school  age  is 
liable  to  become  conceited  of  tlieir  scholarshi])  if  the}'  excell, 
and  if  not,  to  despair  of  her  inability. 

Also,  in  keeping  incompetent  pupils  after  school  hours, 
though  it  would  be  very  helpful,  a  teacher  finds  an  un- 
expected trouble  caused  hj  girls'  feeling  ashamed  of  such 
special  treatment. 

Wliat  is  thought  to  l)o  a  comx>aratively  practicable  way 
is  to  make  a  collection  of  suitable  problems  and  examples, 
and  distribute  the  copies  among  j)i^pi^s.  Those  who  liave 
finished  ordinary  amount  of  class  exercises  and  must  wait 
for  others  to  finish,  can  work  out  the  problems  given  in  this 
lx)ok,  and  for  the  rest  of  the  class  this  can  be  made  home- 
work. These  supplementary  problems  and  examj^les  are  to 
l)e  solved  by  the  pupils  tiiemselves,  and  to  be  coraj)ared 
afterwards  with  correct  answers  given  at  the  end  of  the 
book.  By  this  means,  a  considerable  time  can  be  saved 
for  better  pupils,  while  the  duller  ones  strive  for  further 
Xwogress ;  and  the  class  as  a  whole  will  gain  practice 
through  coming  across  A\'ith  larger  number  of  problems  and 
exercises. 
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PART  I. 

Organization  of  the  Instruction  in  Mathematics 

and  the 

Present  Aspect  of  the  Method  of  Teaching. 

CHAPTER  I. 

Kinds   of  Schools. 

I.     Aini  of  the  School. 

The  aim  of  a  normal  school  is  expressed  to  this  effect  in 
the  1st  article  of  the  Imperial  ordinance  issued  in  1897, 
that  the  normal  school  is  an  institution  for  the  training  of 
elementary  school  teachers.  Li  the  2nd  and  the  3rd  article 
of  the  same,  it  is  stated  that  one  or  more  normal  schools 
may  be  established  in  every  prefectm^e,  and  that  they  should 
be  under  the  auspices  of  the  governor  of  the  prefecture. 

In  the  early  days  of  normal  schools,  as  the  number  of 
women  students  was  far  smaller  than  that  of  men,  there 
were  no  women's  normal  schools  apart  from  those  of  men. 
But  owing  to  the  progi'ess  in  women's  education,  both  the 
number  of  those  desiring  to  enter  normal  schools  and  the 
demand  for  women  teachei's  increased  rapidly,  and,  in  con- 
sequence, women's  normal  schools  came  to  be  established  as 
independent  institutions.  The  number  of  these  separate 
women's  normal  schools  at  present  is  thirty  againt  sixteen  of 
those  attached  to  men's.  But  as  regards  the  course  of  study, 
these  two  kinds  of  schools  follow  exactly  the  same  plan ;  so 
they  are  here  treated  togetlier  under  the  name  of  Women's 
Normal  School. 

II.     Organization  of  the  "Women's  Normal  School. 
In  the  women's  noiinal  school,  there  are  two  com"ses,  viz., 
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tlie  main  course  and  the  preparatory  course.  The  main  comrse 
is  again  subdivided  into  the  first  and  the  second  section. 
The  second  section  may  be  left  out  according  to  local 
circumstances. 

The  course  of  the  first  section  covers  four  years,  and  that 
of  the  second  section  extends  over  either  one  or  two  years. 

Tlie  j)i'epai'atory  course  of  one  year  aims  at  preparing 
candidates  for  the  main  course. 

III.     Qualification  of  the  Candidates. 

For  the  first  section  of  the  main  course. 

(a)     Those  who  have   completed   the    preparatory   course. 
The   conditions   for  admission   inio    the   preparatory 
are  the  completion  of  the  liigher  elementary   course 
of  two   years,    or    having    scholarship    of    equivalent 
standing  and  being  above  fourteen  years  of  age. 
{J>)     Those    who    have   completed   the   higher   elementary 
course  of  tlu*ee  years,  or  those  who  are  above  fifteen 
years  of  age  and  whose  scholarship  is   of  equivalent 
standing. 
For  the  secoiid  section  of  the  main  course. 
Two  years'  course. 
Those  who  have  graduated  from  the  girls'  high  school  of 
four  years'  course,  or  those  who  are  above  sixteen  years  of 
age  and  whose  scholarship  is  of  equivalent  standing. 

One  year's  course. 
Those  who  have  graduated  from  the  girls'  high  school  of 
five  years'  com"se,  or  those  wlicr  are  above  seventeen 
years  of  age  and  whose  scholarship  is  of  equivalent 
standing.  [Temporarily  those  who  are  qualified  for  enter- 
ing the  above  two  years'  course  may  also  be  admitted 
into  this  course.] 

IV.     The  Number  of  Students. 
The  Imperial  ordinance  issued  in  1897   fixes   the  number 
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of  normal  school  stiid«Mits   as   follows : 

"  The  normal  school  or  schools  in  a  prefecture  should  admit 
every  year  such  a  number  of  students  as  is  sufficient  to  provide 
the  graduates  eiiual  in  numlxn-  to  one-twentieth  of  the  number 
of  the  elementary  school  classes.  Each  class  is  to  contain 
seventy  cliildren  and  there  is  to  be  a  sufficient  number  of  classes 
as  to  contain  two-thirds  of  tlie  number  of  cliildren  of  school 
age  in  the  prefectm-e.  Tlie  ratio  of  the  number  of  male 
students  and  that  of  female  students  is  to  be  decided  l)y  the 
governor  of  the  prefecture  and  reported  to  the  Minister  of 
Education.  The  numlier  of  students  in  one  class  of  the  normal 
school  is  to  be  under  forty." 


CHAPTElt  n. 

Aim  and  Sub.ject-3l\ttek    of    Instkuctiox  in  Mathejiatics. 

I.     Subjects  of  Study  and  Number  of  Hours  of  Instruction 
per    "Week. 

Before  going  into  the  aim  and  subject-matter  of  instruc- 
tion in  mathematics,  it  will  be  necessary  to  say  a  few  words 
concerning  the  relation  of  mathematics  with  other  subjects  of 
study.  The  following  is  the  syllabus  of  subjects  and  the 
immber  of  hours  of  instruction  x>er  week  according  to  the 
regulations  issued  by  the  Department  of  Education  and  in 
force  since  190S. 

(n)     Subjects  given  in  the  preparatory  course : 

Morals,    Japanese    language    and    Cliinese    classics, 
mathematics,  penmanship,  di'awing,   music,  gj'nuias- 
tics,  sewing, 
(b)      Subjects    given    in    the    fii-st    section    of    the    main 
com'se  : 

Morals,  pedagogics,  Japanese  language  and  Chinese 
classics,  history,  geogi-aphy,  mathematics,  natural 
history,   physics   and  chemistry,    domestic   economy, 
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sewing,  penmansliip,  drawing,  manual  work,  music, 
gymnastics.  [As  an  optional  subject  English  langiiage 
may  be  added.] 


"~-~-~,^_^^                  Classes 
Subjects             ^"~~~-— — ,__^^ 

Prepnrn- 

tory 
Course 

1st 
Year 

2na 
Year 

3r.l 
Y'ear 

4th 
Year 

Morals 

2 
'J 

5 

4 
3 

2 

2 
4 

2 

G 
2 
2 
3 
2 

4 

2 

3 

2 
3 
(3) 

1 
2 
4 
2 
2 
3 
2 
2 

4 

1 

3 

2 
3 
(3) 

1 
4 
3 

2 
1 

2 
1 

2 
2 
4 

1 

3 

2 
3 
(3) 

2 

Theory   2 
Practice  y 

2 

2 

4 

2 
3 

2 

1 

2 
(2) 

Peilagos^ics 

Japanese  langnage    and   Chi- 
nese cLissics    

History 

Geoqi-aphy 

Mathematics    

Natural  history    

Physics  and  chemistry     

Domestic  economy    

Sewing 

Penmanship    

DraA\T.ng  

Mannal  work 

Mnsic    

Gymnastics 

English     

Total     

31 

31(34) 

31(34) 

31(34) 

32(34) 

(c)      Sulijects    given    in   the  second  section  of   the   main 
course : 

INIorals,  pedagogics,  Japanese  language  and  Chinese 
classics,  mathematics,  natm-al  history,  physics  and 
chemistry,  sewing,  drawing,  manual  work,  gymnastics. 
[In    the    case    of    two    years'    com-se,    history    and 


AIIT.    IX.] 


NORMAL  SCHOOL  FOIi  WOMEN 


geogi'apliy   are  to  be  added,    and  English  Ijuiguage 
may  also  be  added  as  an  optional  subject.] 


One  Year's  Course. 


Two  Years'  Course^ 


Sill  ijects       ^^^--^..^^^ 

1st 
Yciu: 

Monils   

2 

Theory  7 
PracticeH 

3 
3 

3 

2 

3 

2 
3 

retLigojjjics    

Japanese  langiuige  A: 
Chinese  cLiHsics  . . 

Mathematics 

Natural  history 

Physics  ct  chemistry 
Sewing 

Drawin<5    

Manual  work    

Music     

Gymiuistics 

Total 

34 

^^"^-.^^          Classes 
Snl)jects        ^""-^....^^ 

1st 
Year 

2n(l 
Year 

Morals   

Teilagogics    

JajDanese  langiuige  A 
Chinese  cLissics  . . 

History 

1 
4 
5 
2 
2 
4 

2 

3 

3 

2 
3 
(3) 

2 

Tlieoiy    3 
I'racticeS 

3 
3 
3 

1 

3 

(3) 

Geography     

Jliithematics 

Natural  history     . . . . 
Pliysics  &  chemistry  . 
Sewing 

Drawing    

Alannal  work   

!Music 

Gymnastics 

English 

Total 

31(34) 

31(34) 

II.     Aim  cf  IiLstrnction  in  Mathematics. 

The  foiu'teeuth  article  of  the  regulations  for  normal  schools 
issued  in  1907  runs  as  follows  : — 

"  The  object  of  the  teaching  of  mathematics  in  normal 
schools  is  to  make  clear  to  the  students  the  nature  of  number 
and  quantity,  to  imi^art  them  ]oroficiency  in  calculation,  to 
acquaint  them  with  the  methods  of  teaching  arithmetic  in  the 
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elementary  school,  mid,  at  the  same  time,  to  give  them  general 
knowledge  necessary  in  daily  Kfe  and  to  make  them  clear  and 
exact  in  thinking." 

Thus  both  the  theoretical   aspect   and   the   practical   side 
are    equally    emx)hasized.     As  to  the  object   of   the   separate 
branches  of  mathematics,  the  following  may  be  mentioned  : 
(a)     Aritlnnetic. 

Tlie  teaching  of  arithmetic  aims  at  making  clear  to  the 
students  the  synthetic  and  analytic  relations  existing  between 
integers,  decimals,  and  fractions,  training  them  in  calculation, 
and  acquainting  them  with  the  methods  of  teaching  arithmetic 
in  the  elementary  school.  Special  emx)hasis  is  laid  on  the 
skill  in  calculation,  as  it  is  not  only  useful  in  everyday  life, 
but  also  is  a  necessary  qualification  of  an  efficient  teacher. 
Social  and  economic  matters  within  arithmetic  are  of  special 
importance  for  young  women  who  would  have  very  little 
chance  of  getting  such  knowledge  later. 

(h)     Algebra. 

The  object  of  teacliing  algebra  is  to  enlarge  the  students' 
concei^tion   of   numl^er,    to    acquaint    them    with    simple   l^ut 
general  solutions  of  various  problems. 
(c)     Geometry. 

The  aim  of  teaching  geometry  is  to  make  clear  the  real 
nature  of  capacity,  geometi-ical  figures,  and  jwsitions,  and,  at 
the  same  time,  to  develop  the  power  of  reasoning  and 
accurate  thinking. 

III.     Syllabuses  and  Instruction  Hours. 

Preparatory  Course. 

Arithmetic        5  houi*s  per  week. 

Mental  calculation,  Written  calculation,  Sorobcot-ealcnlniioii. 

Fii-st  Section  of  the  Main  Couise. 
Fi7^st   Year. 

Arithmetic  and  Algebra 3  houi-s  per  week. 

Integers,  Decimals,    Fractions. 
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Negati-\'o  qimiititj. 

Integi-al  ox]^)ressioiis  (four  operations,  equation  of  the  fii-st 
degree,  factor,  multiple). 

Fractional  expressions  (reductions,  four  operations,  fractional 
equation). 
Second  Year. 

Arithmetic,  Algebra,  and  Geometry .  .   3  hours  \)ev  week. 

Evolution  (square  root,  equation  of  the  second  degree). 

Straight  line  (angle,  parallel  lines). 

Rectilinear  figure  (tiiangle,  parallelogram,  mensuration). 

Circle  (are,  chord,  segment,  tangent). 
Third  Year. 

Arithmetic,  Algel)ra,  and  Geometi-y.  .    2  hours  per  week. 

Proi^wrtion  (ratio,  jproportion). 

Proportion  (proportional  lines,  similar  figures,  mensuration). 

Progression  (arithmetical  progression,  geometrical  progres- 
sion). 

Percentage  (percentage,  interest). 

Methods  of  teaching  arithmetic  in  the  elementary  school. 
Fourth   Year. 

Geometry  with  Arithmetic  appended .  .    2  houi*s  x>er  week. 

Plane    (plane    and    sti'aight    line,    dihedral    angle,    solid 
angle). 

Polyhedron  (prism,  pyramid,  mensuration), 

Cuiwed    surface   (circular   cylinder,    circular   cone,    sphere, 
mensuration). 

Second  Section  of  the  Main  Course  (two  yeai-s). 

First   Year. 

Arithmetic,  Algebra,  and  Geometry . .   4  hours  per  week. 
The  same  as  the  first  and  second  years  of  the  first  section 
of  the  main  course,  with  suitable  alterations  as  to  the 
subject-matter  and  grade  of  work. 
Second   Year. 

Arithmetic,  Algebra,  and  Geometiy. .   3  houi-s  per  week. 
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The  same  as  the  tliircl  and  fourth  years  of  the  first 
section  of  the  main  course,  with  suitable  alterations  as 
to  the  subject-matter  and  givxde  of  work. 

Methods  of  teaching  arithmetic  in  the  elementary  school. 

Second  Section  of  the  Main  Course  (one  year). 

First   Year. 

Arithmetic,  Algebra,  and  Geometry . ,   3  hours  per  week. 
The  same  as  the  two  j^ears'  course  of  the  second  section 

of  the  main  com'se,  with  suitable  alterations  as  to  the 

subject-matter  and  grade  of  work. 
Methods  of  teaching  arithmetic  in  the  elementary  school. 

The  above  syllabuses  which  were  dictated  by  the  Depart- 
ment of  Education  in  1910,  were  accompanied  by  the 
instruction  that  each  normal  school  for  women  has  to  prepare 
a  more  detailed  syllabuses  of  its  own  in  accordance  with  the 
above  and  so  as  to  suit  local  circumstances.  In  fact,,  arith- 
metic, algebra,  and  geometry,  all  these  three  branches  of 
mathematics,  are  being  taught  in  every  normal  school  for 
women. 

In  the  following  are  given  the  essentials  agreed  n\)o\\  liy 
most  of  the  normal  schools  as  to  the  selection  of  teaching 
materials  in  arithmetic,  algebra,  and  geometry  respectively. 

Arithmetic  (Written  calculation  and  /S'oro&t«z-calculation). 

[a)  Arithmetic  should  be  taught  for  practical  use.  All 
theoretical  parts  are  to  be  left  to  algebra  and  geometry,  e.g., 
theory  of  numbers,  theory  of  ratio,  calculation  of  annuity, 
progression,  square  root,  cube  root  to  algebra,  and  mensura- 
tion to  geometry. 

(b)  In  compound  numbers,  common  weights  and  measm*es 
and  metric  system  should  be  carefull3^  taught.  In  foreign 
weights  and  measm^es,  yard  and  pound  measures,  and  in 
foreign  money  and  currencies,  those   of  the   comitries   which 
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are  in  close  connection  witli  om*  own,  should  he  taught. 

(c)  In  discount,  notes  and  bills,  taxes,  and  insurance, 
only  so  much  is  to  he  taught  as  will  he  necessary  in  ever3'- 
day  life. 

(<?)  >S'o>'o?ya;i -calculation  is  the  metliod  of  calculation 
l^ecnliar  to  our  country,  and  is  very  convenient.  Therefore 
students  should  have  practice  in  this,  not  only  for  their  own 
sake,  but  also  for  the  sake  of  requirement  for  elementary 
school  teachers. 

(e)  The  origin  of  number  and  other  psychological  study 
of  number  are  to  be  given  in  conjunction  with  the  method 
of  teaching,  and  even  then,  only  so  far  as  will  be  desirable 
in  enlightening  the  student  in  the  principles  of  teaching. 

Algebra. 

(«)  The  main  object  of  teaching  algebra  in  women's 
normal  schools  should  be  confined  to  matters  concerning  daily 
hfe,  theoretical  explanation  of  some  parts  of  arithmetic,  and 
its  applications.  Theory  of  numbers  is  to  be  given  only  so 
much  as  to  be  of  help  in  comprehending  the  essentials  of 
arithmetic. 

(b)  Equations  are  to  be  taught  only  so  far  as  the  simul- 
taneous equations  of  the  second  degree.  Equations  of  higher 
degrees,  except  those  which  can  be  reduced  to  equations  of 
the  fii'st  or  the  second  degree,  are  not  to  be  taught. 

(c)  The  discussion  of  the  roots  of  an  equation  is  to  be 
confined  to  simple  cases. 

((?)     Logarithm Only    common    logarithm    is    to    be 

taught  for  practical  use. 

(e)  Progression  is  to  l3e  given  without  going  into 
details. 

(/)     Probability  Just  a  general  idea  of  probability 

may  be  given. 

Geometry. 

(a)  The  object  of  teacliing  geometry  in  women's  normal 
schools  is    to  train    the    students    in    theoretical   as   well   as 
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practicjil  work ;  so  the  purely  theoretical  geometrical  methods 
may  very  often  be  replaced  by  algebraic  methods. 

(b)  Problems  in  loci  and  constmction  problems  are  to  be 
limited  to  simple  cases. 

(c)  Of  ratio  in  geometiy,  there  has  been  much  discussion. 
The  general  opinion  seems  to  be  not  in  favom*  of  pm-ely 
Euclidean  definition. 

(d)  Solid  geometiy  is  taught  only  so  much  as  are 
necessary  in   connection  with  mensuration. 


IV.     Relation  Between  the  Three  Branches  of  Mathematics. 

Distriljution  of  Listniction  Hours  to  Each  Branch. 

The  fii'st  section  of  the  main  couree  with  preparatory  coui'se. 

Ai'ithmetic 280  liom-s. 

>S'oro7>a?i-calculation 20       „ 

Algebra      200       „ 

Geometry 100       „ 

The    first    section    of    the    main   course    without  preparatory 
course. 

Arithmetic  with  sorohcm-calciilfiiioii. .  150  hours. 

Algebra      . .   150       ,, 

Geometry 100       „ 

The  second  section  of  the  main  com-se  (two  yeai^s). 

Arithmetic 100  hom-s. 

Algebra  100       „ 

Geometry 80       ,, 

The  second  section  of  the  main  course  (one  year). 

Arithmetic 50  hours. 

Algebra      50       „ 

Geometry 20       „ 
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Generally   six^aking,  the  distiil)utioii    of    recitation    Iioiiis 
to  each  subject  is  as  given  above.     In  actual   x^i'actice,    it  is 
not  seldom    possible    to  draw  lines  of    demarkation    between 
different  subjects.     Sometimes  arithmetic  is   made   the  prin- 
cipal subject  of  teaching,  and  algebra  and  geometry  are  taught 
in  conjunction  with  it.     Sometimes  algebra  is  taught  as  tlio 
principal  subject  and  arithmetic  as  an  accessory.     But,  on  the 
whole,  more  predominance  is  given  to  arithmetic  than  to  any 
other  branch.     Below  are  given  a  few  illustrative  examples. 
[a)     Rules  <and  theoretical  explanation  of  the  four  oj)era- 
tions  in  integei's  are  given  x^arallel  to  the  coiTespond- 
ing  operations  in  algeln'a. 
(h)      Interest  and  recurring   decimals   follow   immediately 

after  jprogression  is  taught  in  algebra, 
(c)  After  explaining  the  theory  of  extraction  of  square 
root  in  algebra,  the  actual  arithmetical  operation  is 
given. 
{(J)  The  theory  of  the  calcuLation  of  area  and  volume  is 
to  be  given  in  geometry',  algel)raic  formulae  are  to 
Ije  deduced,  and  thus  is  to  be  given  the  training  in 
applications  of  algebra  and  in  arithmetical  calcula- 
tion. 


CHAPTER  m. 

Examination. 

Concerning  examination,  there  has  been  much  discussion 
among  teachers  of  mathematics  in  women's  normal  schools. 
The  points  requiring  careful  consideration  are  when  and  how 
often  examinations  should  be  caiiied  out,  selection  of  ques- 
tions, method  of  giving  marks,  and,  finall}',  how  to  make 
known  the  results  of  examinations.  The  last  point  and  the 
time  when  examinations  should  take  place,  seeni  to  be  of  much 
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ooucern,  x^articnlarly  in  Avomeu's  normal  schools,  and  special 
attention  is  being  j)aid  to  these  considerations.  Tlie  follow- 
ing give  the  general  aspect  of  examinations  conducted  nowa- 
days in  women's  normal  schools. 

(1)  Object  of  examination. 

(a)     To  test  tlie  scholarship  of  individual  student. 
(h)     To   test   the   efficiency  of  instruction  and   eventually 
to  im}3rove  the  method  of  teaching. 

(c)  To  encourage  the  student  for  further  study. 

(d)  To  recapitulate  in  a  connected   form  matters  learned 
during  a  certain  i)eriod  of  time. 

(2)  Method  of  examination. 
(a)     Time  and  number. 

Generally  speaking,  examinations  are  being  conducted  in 
two  ways,  occasional  and  regular. 

Occasional  examinations  are  given  with  or  without 
previous  notice  when  a  certain  class-work  is  completed,  or 
when  a  certain  test  is  needed :  e.r/.,  such  as  test  of  the 
proficiency  in  calculation  may  be  given  frequently  with  or 
without  notice.  And  generally,  examinations  in  mathematics 
are  given  more  frequently  than  in  any  other  subjects. 

liegular  examinations  are  given  at  the  end  of  terms,  of 
Avliich  there  are  tliree  in  one  school  year,  and  just  before 
graduation.  But  in  some  exceptional  cases,  a  schedule  of 
examinations  is  made  out  at  the  beginning  of  a  school  yeai". 
But  even  in  sucli  cases,  students  are  usually  forewarned  of 
the  coming  examination  a  week  before,  and  the  time  for  the 
examination  is  taken  from  that  of  the  regular  work.  The 
following  is  one  of  such  schedules  adopted  in  a  certain 
Av<jmen's  normal  school  dming  a  term  in  1910. 
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(b)  Selection  of  questions. 

Questions  for  term  examination  are  chosen  from  what 
have  been  completed  dming  the  term,  and  those  for  annual 
examination  from  what  have  been  completed  during  the  j'ear. 
The  examination  just  before  graduation  covers  the  whole  of 
the  course,  but  emphasis  is  laid  on  the  part  given  during  the 
last  term  of  the  last  year. 

The  method  usually  employed  is  to  present  questions  to 
the  class  and  to  require  written  answers  within  a  given  limit 
of  time.  Oral  examination  is  rarely  given  even  in  the  case 
of  occasional  examination. 

In  examination  of  algebra  and  geometry,  the  use  of 
reference  books  is  often  allowed ;  and  in  arithmetic,  various 
tables  of  numbers  are  sometimes  used. 

Examinations  in  mathematics  are  usually  conducted  l)y 
the  teacher  who  had  to  do  with  the  teaching  of  the  subject, 
and  are  scarcely  ever  conducted  by  the  director  of  the  school. 
Only  when  government  inspectors  visit  the  school,  they 
sometimes  wish  to  test  the  scholorship  of  the  students.  Li 
such  a  case,  the  director  of  the  school  sometimes  himself 
conducts  the  examination.  But  for  this,  there  is  no  definite 
time  nor  any  particular  method. 

As  to  the  selection  of  questions,  the  opinions  of  instructors 
may  vary  according  to  the  special  needs  of  the  time. 
Broadly  speaking,  questions  are  selected  so  as  to  test 
individual  skill  in  calculation,  or  to  test  the  power  of  think- 
ing and  memory,  or  to  test  the  general  capacity  of  a  class 
as  a  w^hole. 

(c)  System  of  marking  and  treatment  of  examination 
XJapers. 

In  giving  marks  to  examination  papers,  some  take  100 
for  full  mark,  and  some  simply  distinguish  four  or  five  grades 
and  mark  the  papers  accordingly. 

As  for  the  standard  of  marking,  the  following  points  are 
taken  into  account : — 
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Compreliension  of  fuiidameutal  problems. 

Completion  of  answers. 

The  ijower  of  thinking  and  its  rapidity. 

Method  of  explanation. 

Logical  expression. 

Correctness  and  rapidity  of  calculation. 

Ilongh  calculation  and  mental  calculation. 

CoiTectness  and  speed  in  writing  figiu-es,  letters,  signs, 
etc. 

The  ti-eatment  of  examination  papers  also  varies.  In 
some  cases,  papere  are  not  returned  to  the  students,  but 
after  having  been  inspected  by  the  director  of  the  school, 
they  are  preserved  in  tlie  school  together  with  the  questions 
given.  In  other  cases,  j)apers  are  returned  to  the  students 
witn  marks,  comments,  or  advice  written  on  them.  Tliis 
latter  method  is  usually  employed  in  occasional  examination. 
Tlie  best  xDapers  are  shown  to  the  whole  class,  and  errors 
common  to  the  majority  of  a  class  are  indicated  and  criticized 
in  the  class. 

(d)     How  to  make  known  the  results  of  examinations. 

In  most  of  the  schools,  the  results  of  examinations  are  not 
made  known  lest  young  girls  should  become  too  much  given 
t(3  comx^etition.  But  individually,  each  student  is  informed 
of  a  rough  idea  of  her  standing  and  of  the  points,  to  which 
she  must  thereafter  pay  special  attention. 

Under  the  present  regulations,  any  one,  man  or  woman, 
who  has  graduated  from  a  normal  school,  can,  at  once, 
without  any  fiu-ther  ti'aining  in  teacliing  work,  get  the 
qualification  of  Ijecoming  a  regular-  teacher  of  an  elementary 
school.  Tlie  last  examination  of  a  normal  school  serves  both 
for  graduation  and  for  qualification  as  teacher.  Hereby  it  is 
to  be  observed,  that  the  result  of  the  practice  in  teaching 
work  at  the  attached  elementary  school  is  taken  account  of 
in  determining  the  result  of  the  last  examination. 
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CHAPTER  IV. 

Method  of  Teachfn'g. 

I.     Arrangement  of  Teaching  Materials. 

Teachers  of  mathematics,  as  well  as  those  of  other  subjects, 
make  a  detailed  yAtm  of  work  to  be  used  during  the  year 
and,  this  plan  having  been  approved  of  by  the  director  of 
the  school,  follow  it  in  conducting  the  classes. 

Such  ]3lans  are  made  by  following  in  the  main  the  official 
schedule  issued  by  the  Department  of  Education,  by  keeping 
in  view  the  contents  and  aiTangement  of  the  text-lxK)ks 
adopted,  and  by  following  the  opinion  of  the  teacher  himself, 
and  by  suitably  distributing  the  instruction  hours. 

After  having  instnicted  in  accordance  with  such  plans, 
the  teacher  is  required  to  record  in  a  book  every  month  (in 
some  cases  every  week),  the  progress  of  the  work  attained 
during  the  month.  This  record  serves  to  be  the  suggestion 
for  any  improvement  to  be  made  on  the  instruction,  and  is 
also  used  as  a  guide  for  the  next  year's  plan  of  work. 

As  explained  before,  the  revision  of  the  Government 
regulations  for  the  normal  school  took  place  only  recently, 
and  there  has  not  been  sufficient  time  for  much  experience. 
Such  as  the  teacliing  of  algebi'a  in  women's  normal  schools 
is  quite  new.  Consequently,  the  plans  of  work  of  these 
schools  are  far  from  teing  perfect,  and  need  much  improve- 
ment. In  the  following  is  given  an  example  of  the  x>lans  in 
use  at  present.  It  is  that  of  a  women's  normal  school  to 
which  a  x^i'epa-i'a-tory  com-se  and  the  second  section  of  one 
year's  course  are  attached. 

The  preparatory  course,  the  fii-st,  the  second,  and  the 
third  year  of  the  main  course  have  each  tlu-ee  terms  in  one 
school  year. 

The  fourth  year  of  the  main  course  is  divided  into  fom* 
terms  instead  of  three,  as  the  students  in  this  year*   have   to 
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practice  in  tencliing  in  tlio  attached  elementary  scliool.  These 
four  terms  are  called  "  shoi-t "  terms,  and  dming  each 
of  them,  one  third  of  the  fonrtli  .year  students  or  the 
students  of  the  secoi^d  section  are  trained  in  the  practice  of 
teacliing. 

Preparatory  Com-se :     Arithmetic. 
First  term  :     5  hours  per  week  (In  all,  about  65  hom-s). 
Integer  and  ])ecimal. 

Notation  and  numei'ation        1  hour. 

Addition,    subti'action       C  hours. 

Multiplication,   division 6      „ 

Practice  in  calculation 4      ,, 

Exercises  in  four  rules 10      „ 

Compound  Number. 

Meaning  of  compound  number      1  hour. 

Metric  system 4  hours. 

Common  weights  and  measures 3      ,, 

Time 1  horn-. 

Money  and  currencies       1      „ 

Reduction  of  compound   number 3  hours. 

Addition,   subtraction       2      „ 

Multiplication,   division 2      ,, 

Principal  foreign  weights  and  measures,  and 

monej' 2      „ 

Miscellaneous  examples 4      „ 

Properties  of  Number.  * 

Multiple,  divisor       3  houi-s. 

Prime  number,  prime  factoi-s 1  hour. 

Greatest  common  divisor         4  hours. 

Least  common  multiple 4      ,, 

Miscellaneous  examples 2      „ 

Second  term  :     2  hours  per  week  (In  all,  about  70  houi-s). 

Fraction. 
Notion  and  nature  of    fraction      2  hom's. 
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lleductions         3  hours. 

Addition,  subteiction       4      „ 

Multiplication,  division 5      „ 

Exercises 5      „ 

Complex  fraction       2      „ 

Recuning  decimal 3      „ 

INliscellaneous  examples  in  fractions     .  .      . .  10      „ 
Ilatio  and  Proportion. 

Katio '2  hours. 

Solution  l)y  proportion 2 

Problems  in  simple  proiwrtion      5 

Pi'oblems  in  compound  proportion         .  .      .  .  5 

Chain  rule 4 

Proportional  parts 4 

Alligation 4 

Miscellaneous  problems  in  proportion  .  .      .  .  10 

Third  term  :     5  hours  per  Aveek  (In  all,  about  40  hours). 

Percentage. 

Percent,  j)ercentage,  bace  amount,  difference .  .  5  hcwrs. 

Discount .  .  4      „ 

Taxes 3      „ 

Insurance 3      „ 

Interest. 

Simple  interest G  hours. 

Bonds  and  shares 4      ,, 

Discount,  bank-note         4      „ 

Equation  of  payments 2      ,, 

Compound  interest 4      „ 

Supplementary  Pi-oblems. 

Supplementary  problems         o  hours. 

[/S'oro6a«-calculation    is  U)  be    taught  in    connection  with 

four  rules  in  integers  and  compound  iiumbers,   and  i^ractised 

whenever  there  is  an   opportunity.] 
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i'irst  Year  of  the  3Iaiii  Course  :     Arithmetic  and  Algebra. 

Fii-st  term  :     3  liours  per  "sveek  (In  all,  about  39  lioui-s). 
Tntrocluctioii  to   Algebra. 

Meaning  of  algebra 1  bour. 

Signs .       •  •  1      )» 

Algebraic   expressions       1      •., 

Numerical    A'alues 2  hours. 

Four  Ilules  in  Integers  and  Decimals. 

Addition,  subti'action        2  hours. 

Multiplication,    division 2      ,, 

Use  of   bracket 1  hour. 

Calculation  exercises  in  four  rules         .  .      . .  2  hours. 
Positive  and  Negative  (Quantities. 

Meaning  of  negative  quantity       2  hours. 

Absolute  value 1  hour. 

Four  rules  in  positive  and  negative  c|uantities,  3  hours. 

Litegi'al  Exx^ressions. 

Definition  of  an  integral  expression       . .      . .  1  hour. 

Arranging  integi'al  expression         3  lioui-s. 

Addition  and  subtraction         ^      ,, 

Use  of  bracket 2      „ 

^Multiplication  and  division 5      ,, 

Linear  Equation  with  One  Unknown  Quantity. 

Meaning   of   ecj^uation       1  hour. 

Solution  of  e(|uation         1      „ 

Exercises -i  lioui-s. 

Second  teim  :     3  hours  per  week  (In  all,  al)out  42  hours). 
Linear  E(|uation  with  Owe,  Unknown   (Quantity. 
(contbiW'd) 
Applied  proljlems  together  witli  arithnK^tical 

solution         .  .      C  hours. 

Siniulbmeous  Equations  of  the  First  DegTce. 
Cleaning  of  simultaneous  equations       . .       .  .      1  horn*. 
Solution  of  simultaneous  equations        .  .      . .      1      „ 
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Exercises B  hours. 

Applied  problems 4  ,, 

Solution  of  linear  equations  ■\^itli  more  than 

one  unknown  quantity       1  hour. 

Exercises 2  houis. 

Applied  problems 5  „ 

Litegral  Expressions,  [conthmcd) 

Formulae  of  multiplication      3  houi's. 

Decomposition  into  factors      2  ,, 

Exercises 8  „ 

Propei'ties  of  Number. 

Multiple,  divisor,  ]>rime  number 1  hour. 

Decomposition  into  x^i'ime  factors 2  hours. 

Greatest  common  divisor  and   least   common 

multiple        1  hour. 

Applied  problems 2  houi-s. 

Litegi'al  Expressions,  [cofntinued) 
Factor,     common     factor,     greatest     common 

factor 1  hour. 

How  to  find  gi-eatest  common  factor     . .      . .  2  hom's. 

Third  term :     3  hours  j)er  week  (In  all,  about  24  hours). 

Integral  Expressions,   (cmdlnv.ed) 

Greatest  common  factor  — —  exercises  . .      .  .  2  hours. 

Least  common  multiple exercises  . .      . .  2  ,, 

Fractional  Expressions. 

Meaning  of  fractional  expression 1  hour. 

Reductions         3  hours. 

Addition,  subtraction       3  „ 

Multiplication,  division 3  „ 

Fraction. 

Exercise  in  four  rules      2  hours. 

Applied  problems 2  „ 

Fractional  Equation. 

Solution  of  fractional  equation       1  hour. 
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Exeic'ises 2  liours. 

Applied  problems 8      „ 


Second  Year  of  tlie  Main  Course  :     Algebra  and  Arithmetic. 

First  term :     2  Ik^iu's  ])er  ^veek  (In  all,  about  20  liours). 
Evolution. 

Extraction  of  scpuu'e  root         (J  hours. 

]'^xtraction  of  cube  root (>      „ 

Quadratic  E(  piation . 

Solution  of  quadratic  equation       2  hours. 

Exercises o      ,, 

Kesolution  of  (piadratic  expression         . .       .  .  2      „ 

Exercises 3      ,, 

Miscellaneous  exercises 4      „ 

Second  term  :     2  lio;irs  per  week  (In  all,  ab(jut  2(J  hours). 
Rektion  Ijetween  the  roots  and  coefficients  of 

quadi'atic  equation      3  hours. 

Fractional    eqiuxtion    reducible    to    (Quadratic 

equation       5      „ 

Simple  equations  of  high  degrees 'A      „ 

Simple  irrational    equation :  4      ,, 

Simple  simultaneous  quadratic  equation      .  .  o      ,, 
Applied  problems  in  quadratic  equation      .  .      <S      „ 

Third  term :     1  hour  per  week  (In  all,  8  hours). 

Ii'rational  Expression. 
Treatment  of  simple  irrational  expression    .  .      2  hours. 

Extension  of  index  law :>      ,, 

Exercises 3      „ 


Second  Year  (jf  the  Main  Com"se  :     Geometry  with  Arithmetic. 
First  term :     1  hour  per  week  (In  all,  about  13  hours). 
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Fnndampntal  concoptions        4  houi-s. 

Angle  and  straiglit  line G      ,, 

Triangle 3      ,, 

Second  term  :     1  lionr  per  week  (In  all,  abont  14  hours). 

Triangle  {continiwd) 6  hours. 

Parallelogram 4      ,, 

Circle 1  hour. 

Chord  and  arc P>  hours. 

Third  term  :     2  hoars  ]3er  week  (In  all,  about  16  hours). 

Segment  (oi  a  ciivle)       B  hoiu-s. 

Tangent 3      ,, 

Inscribed  figin'e,  circumscribed  figui'e    .  .      .  .  2      „ 

Construction  p]-ol)lems 4      „ 

Ai-ea  . .      .  . 4      ,, 


Third  Yeai'  of  the  ^Nlain  Const- :     Algelmi  and  Aiithmetic 
First  term  :     1  hour  per  week   (^In  all,  about  13  hours). 

Hatio  and  propt>rtion       •")  hours. 

Equality  of  three  or  more  ratios 3      ,, 

Exercises   .  .       . .  5      ,, 

Second  term  :     1  hour  i)er  week  (In  all,  about  14  hours). 
Progi'essioM . 

Arithmetical  progression 4  lioiirs. 

Geometi'ical  progi'ession 4      „ 

Exercises  in  percentage  and  interest    .  .      . .  0 

Third  term  :     3  hours  p(M'  week  (In  all,  about  8  hours). 
Method  of  the  teaching  of  arithmetic  .  .      .  .      8  hours. 


Tln'rd  Year  of  the  Main  Course  :     Geometry  and  Arithmetic. 
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Fii-st  term  :     1  hour  ])or  woek  (In  all,  about  13  hours). 
Introduction  to  gooniotrical  ratio  and  propor- 
tion        3  hours. 

Thooronis 4      „ 

Fundnmontal  tlieorems 6      „ 

Second  term  :     1  hour  per  week  (In  all,  alxuit  14  hours). 

Similar  fipanes 8  hours. 

Area 0       ,, 

Tlu'rd  term:     1  h(»ur  per  Aveek  (In  all,  about  H  hours). 

Construction  problems 4  hours. 

Exercises 4 


Fourth  Year  of  the  ]Main  Course  :  (xeometry  and  Arithmetic. 
(Second  "short"  term  for  A  class  )2  horn's    per   week 

(Fii'st  "short"  terra  for  B  and  C  classes '  (in  all,  aiout  2o  homa). 

Plane  and  straight  line 5  hours. 

Perpendicular 3      ,, 

Dihedral  angle  and  solid  angle 3      ,, 

Polyhedron        5      ,, 

Volume  of  ix)ljhedron 4      ,, 

] Third  "short"  term  for  A  and  B  classes)  1  hour  per  week 
'Second  "shor-t"  term  for  C  cLass  ) (in  all,  .iiwnt  20  homss 

Polyhedron,  exercises  in  mensuration   .  .      .  .      7  hours. 

Sphere        3      ,, 

Exercises  in  mensuration         4      ,, 

Circular  cylinder  and  circular  cone       . .      .  .      2      „ 
Exercises  in  mensuration        4      ,, 

Fom-th  "  short  "  term  for  A,    B,  and  C   classes  :     2  hours 

per  week  (In  all,  alx)ut  12  hours). 
Exercises  in  supplementary  problems  . .      . .   12  hours. 
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[Within    the  hours    assigned  to  exercises   in  mensuration, 
is  given  practical  work  such  as  making  models  and  the  like.] 


Second  Section :     Ai-itlimetic. 
First  "  sliort  "  term  :     2  liours  per  week  (In  all,  aljout  20 
liours). 

Integers,  decimals  and  compound  numbers . .    15  hoiu-s. 
Fraction 5      ,, 

Second  "  short "  term  :  2  liours  per  week  (In  all,  about 
20  hours). 

Percentage  and  interest 7  hours. 

Ratio  and  proiX)rtion       9      ,, 

Evolution -1      „ 

Third  "  short  "  term  :  1  hour  per  week  (In  all,  about  10 
hoiirs). 

Method  of  the  teaching  of  arithmetic  . .      .  .    10  hours. 

[In  connection  with  the  method  of  teaching  are  given 
useful  advices  concerning  the  use  of  the  State  text-books 
on  arithmetic] 


Second  Section  :     Algebra  and  Geometry, 
First  "  sliort "  term  :     1  hour  per  week  (In  all,  about  10 
hours). 

Introduction  to  algebra 1  hour. 

Easy  four  oj^erations        4  liours. 

Easy  equations 4      ,, 

Negative  numljer 2      „ 

Second  "  short "  term :     2  hours    ])er  week  (In  all,  about 
20  hours). 

Four  operations        2  hours. 
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Fmctioiud  cxpressi(jn       C  lioui-s. 

Fv(|uation  (ronfhiued) 10      ., 

Review       2      „ 

Third    "  short "   terra  :     3  liours  per   week   (hx  all,   alx)ut 
30  lioiirs). 

Angle  and  straight  line 1  hour. 

Ti-iangle 2  hours. 

Polygon quadrilateral,         parallelogram, 

polygon,  similar  figures,  area  of  rectangle 

and  square '2      „ 

Exercises  in  extraction  of  squiire  root  . .      1  horn". 

Area  of  rectilinear  figm-es       2  horns. 

[Miscellaneous  problems 2      „ 

Circle chord    and    arc,    inscribed    figure, 

circumscribed    figiu'e,    i^ri  meter  and   ai'ea 

of  circle,    ellipse 0      „ 

Sohd Relation  between  two  planes,  rela- 
tion between  a  straight  line  and  a  plane, 
regular*  hexahedi'ou,  cube,  exercises  in 
exti'action  of  cube  rotjt,  prism,  circular 
c^'linder,  p3'ramid  and  circular  cone, 
fnistum  of  pyramid  and  of  cone,  sphere, 
miscellaneous  pi"oblems 14  hours. 


II.     Method  of  Teaching. 

Tlie  method  of  teaching  mathematics  usually  consists  of 
three  steps,  namely,  preparation,  teaching  and  review.  That 
the  teacliing  very  often  takes  the  form  of  questi(jning  and 
answering,  is  only  natiu'al  in  view  of  the  nature  of  the 
subject,  but  sometimes  it  takes  the  form  very  much  like  a 
lecture.     The    chai'acteristic    feature    in    contradistinction    to 
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other  subjects,  is  that  very  often  students  themselves  explain, 
prove,  and  calculate. 

Tlie    following  give  the  details  of  the  method  of  teaching. 

(«)     Preliminary  preparation. 

Pi-ecursory  to  the  teaching,  students  are  required  to  go 
through  preparatory  exercises  regarding  certain  matters,  of 
which  notice  is  given  beforehand. 

Sometimes  topics  are  given  and  students  are  required  tt) 
consider  them  before  the  lesson  begins.  Such  is  customary- 
in  teaching  compound  numliers  and  percentage. 

(h)     Preparation. 

Theoretical  and  i^ractical  methods  abeady  taught,  whicli 
have  relations  with  the  matters  to  be  taught  presently,  are 
reviewed  and  discussed.  Li  arithmetic  and  algebra  particularlj', 
mental  calculation  is  ])ractiyed,  and  effoi'ts  are  made  so  as  to 
make  the  mind  of  students  adapted  to  receiving  the  insti'uc- 
tion  to  be  forthwith  given. 

(c)     Teaching. 

Presentation  of  the  subject-matter. 

Explanation  is  done  by  questioning  and  letting  students 
answei- ;  or  method  of  calculation  is  taught. 

Li  teaching  a  theorem,  first  of  all  it  is  enunciated  clearly, 
then  its  meaning  explained  by  means  of  examples  or 
diagram,  and  then  proved. 

In  teaching  a  method  of  calculation,  simple  examples  are 
taken  and  analyzed,  and  the  ste^is  of  calculation  explained 
fully ;  and  then  they  are  -put  together  and  given  as  a  rule. 

Matters  already  taught  and  those  newly  taught  are  com- 
pared, and  the  mutual  relation  is  made  to  be  understm^d 
clearl}'. 

Propositions  are  classified  according  to  the  natm'e  of 
theorems  and  rules,  or  according  to  the  convenience  of 
reference. 

Students  are  required  to  point  out  important  points  and 
to  read  aloud  tl:e  text-lx)ok,  A^-hereb3'  pi'oofs  and  explanations 
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ai'C  omitted, 

(^iTestions  on  ditHcult  points  arc  fvooly  nskod  by  stndf'iits 
and  answered  In"  other  students  of  the  class,  tlie  tivichei's 
explanation  always  coming  List. 

Students  are  to  have  memorandums.  Tlie  ])arts  Avhicli 
are  liard  to  remember  or  apt  to  be  mistaken,  also  the  i)arts 
to  wliieh  special  attention  is  to  be  )>aid,  and  useful  advices 
concerning  tlie  actual  process  of  calculation,  are  to  b.e  recorded 
in  the  memorandum. 

(d)  Exercises. 

General  direction  is  given  by  the  teacher;  then,  b\-  means 
of  questioning  and  answering,  students  are  led  to  grasp  the 
theory'  and  practice  ;  after  that,  students  are  required  to  find 
the  solution  independently. 

Problems  wliich  can  be  solved  with  the  knowledge  of  tlie 
rules  already  learned,  are  to  be  solved  hy  a  student.  The 
rest  of  the  class  criticize,  and  connect  it,   if  there  be  eiTors. 

While  students  work  on  an  exercise,  the  teacher  inspects 
them  and  gives  suggestions  and  advices  to  each  individual. 
When  various  different  answers  were  found  for  one  and  the 
same  problem,  they  are  shown  to  the  class  Jind  discussed. 

At  times,  a  jjroblera  is  solved  entirely  unassisted  by  the 
teacher.  The  papers  or  note-books  are  handed  in,  and  cor- 
rected afterwards. 

(e)  Home  work. 

A  suitable  amomit  of  home-work,  not  so  much  as  will 
prevent  the  preparation  for  other  subjects,  is  always  giA'cn 
for  further  study  and  exercise. 

The  revision  of  home-work  is  done  by  the  teaclier  some- 
times in  the  class-room,  and  scmietimes  outside,  hj  looking 
over  the  note-books. 

III.     Points  Requiring  Special  Care  in  Teaching. 

{(()  In  mathematics,  the  difference  of  aptitude  among  the 
students,  is  shown  most  distinctly  ;  therefore  great  care  should 
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lie  l)estoAved  on  this  pjint  in  a  class  Avork. 

(b)  In  tlie  preparatory  coui'se  of  the  normal  school,  the 
aim  of  teaching  mathematics  is  to  make  more  compact  the 
knowledge  of  arithmetic,  and  to  train  the  students  in  its 
practice.  In  the  main  course,  tlnee  Ijranches  of  elementary 
mathematics  should  be  taught,  due  attention  being  paid  to 
the  correlations  existing  between  them. 

(c)  /S'o>'oZ^a«-calculation  in  four  operations  is  to  be  taught 
side  by  side  with  the  figuring  processes. 

In  the  f(jllowing  are  given  some  i»ints  to  l)e  j)articularly 
observed  in  connection  with  each  individual  branches. 

Gjnceming  arithmetic  : 

(a)  Students  are  apt  to  make  mistakes  in  calculation, 
because  of  the  carelessness  in  writing  down  figures.  For  this 
reason,  practice  in  writing  figures  should  be  given  in  the 
first  year  and  the  students  should  be  accustomed  to  writing 
figures  with  ease  and  rapidity. 

[b)  As  mental  calculation  is  of  great  help  for  becoming 
skilled  in  calculation,  mental  exercises  should  be  given  dming 
the  first  3'ear  either  at  the  beginning  or  at  the  end  of  every 
lesson.  Rapid  calculation  (^n  sorohaii  should  also  be  prac- 
ticed. 

[(')  In  solving  a  problem,  it  is  not  enough  to  find  only 
one  solution.  Emphasis  should  be  laid  on  finding  various 
different  solutions  and  also  on  selecting  from  among  them 
those  suitable  for  the  elementai-y  school  childreji. 

((/)  Pm'ely  theoretical  reasoning  is  to  be  .avoided  as  far 
as  possible,  and  ])roblems  should  be  solved  by  considera- 
tions which  ai)peal  to  common  sense  and  ordinary  under- 
standing. 

(e)  In  teaching  weights  and  measm'es,  bonds  and  shares, 
bank-note,  and  money-order,  mod<^ls  or  the  things  themselves 
should  be  shown,  and  efforts  should  be  made  so  as  to  make 
the  students  come  in  contact    with  such  matters  as   often  as 
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po=5sil)lo. 

(/')  Siicli  rough  oulculatioii  and  measuring  us  are  doiu* 
l)j  taking  steps,  bv  observation,  and  by  feeling,  should  l;e 
taught  in  the  fii-st  year  in  continuation  of  the  similar  exercises 
taiight  in  the  elementary  school. 

Concerning  algebra  : 

(a)  Algebra  given  in  ^vomen's  normal  schools  should  not 
be  too  far  advanced,  its  aim  being  to  simplify  solutions 
of  theoretical  and  practical  i>roblems  ■which  occur  in  arith- 
metic. Efforts  should  be  made  to  make  clear  the  connections 
and  congelations  "svith  arithmetic. 

(h)  For  those  "s\'ho  study  algelmi  for  the  first  tinKS  there 
is  much  more  difficulty  than  the  teacher  nsiially  expects. 
Therefore  it  is  advisable  to  give  them  at  the  start  arithmetical 
problems,  and  let  them  find  the  solution,  then  replace 
numerical  values  by  letters  and  thus  find  algebraic  formulae. 

(c)  Algebraical  signs  including  those  which  occur  in 
arithmetic,  but  are  used  in  a  somewhat  different  manner  in 
algebra,  should  be  carefully  explained  at  the  very  beginning. 
For  example,  if  the  sign  of  multiplication  in  3  x  4  be 
omitted,  the  result  would  appear  as  if  it  represents  34 ;  but 
in  the  case  of  lettei's,  there  is  no  such  troul)le.  Such  peculi- 
arities are  to  be  paiiicularly  made  aware  of. 

(d)  Beginnei's  are  h'able  to  find  difficulty  in  understand- 
ing that  a  letter  alwa^'S  represents  an  abstract  mimber ;  so 
special  attention  is  to  be  paid  to  this  point. 

(e)  In  algebra,  as  in  aritlmietic,  mental  calculation  is  to 
be  encouraged. 

(/)  Important  formulae  should  lie  committed  to  memoiy, 
so  as  to  be  read}'  for  use  whenever  needed. 

(g)  Li  teaching  efj[uation,  it  is  not  necessary  to  collect 
together  every  tiling  pertaining  to  equation  in  one  pLice. 
Easy  equations  may  be  given  comparatively  earlier.  Bj'  so 
doing,  students'  interest  in  algebra  is  very  often  roused. 
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(-^oncerning  geometry : 

(a)  The  ejirly  stage  of  geometry  should  he  taught  induc- 
tively l\y  appealing  to  exi:)eriments  and  observations. 
Strictly  logical  training  should  be  po.-;tiK)ned  till  Liter ;  it 
\vill  suflSce,  at  the  start,  to  give  general  geometrical  concep- 
tions, and  then  gi'adually  proceed  to  more  logical  exj^wsitions. 

(/))  For  those  wlio  liave  not  as  yet  learned  logic,  or  those 
^v]lo  have  learned  logic  as  a  ]iart  of  i)edagogics,  but  not  as 
3'et  been  trained  in  logical  exercises,  it  will  l)e  necessary  to 
give  hints  in  making  them  ])rove  theorems  and  solve 
])rol)lems. 

(c)  In  case  several  theorems  can  be  i)ut  together  in  the 
form  of  one  theorem,  they  are  to  be  done  so  in  order  to  make 
it  easy  to  remember,  c.<j.,  such  theorems  as  ''  In  two  triangles, 
if  three  sides,  two  sides  and  included  angle,  or  one  side  and 
two  adjacent  angles,  are  equal,  then  the  two  triangles  are 
equal." 

(d)  Similar  theorems  should  be  comj^ared  and  contrasted, 
and  made  suitable  for  remembering,  c.y.,  sucli  as  the  theorems 
concerning  triangles  and  similar  triangles. 

(e)  In  j)roving  a  theorem  (^r  solving  a  problem,  too 
much  adherence  to  a  particular  diagram  or  figure  in  thinking 
(^ut  ]:)roof  or  solution,  should  be  avoided. 

(/■)  In  connection  with  arithmetic,  (?asy  practice  in 
measuring  distance,  area,  volume  by  observation  and  also 
easy  surveying  should  be  practised ;  also  with  the  help  of  the 
lessons  in  manual  wcjrk,  simple  macliines  and  models  should 
be  planned  and  made  by  the  students. 

Supplementary    notes : 

(a)  Logical  training Logical  training  is  being  given 

in  connection  with  the  teaching  of  geometry. 

(b)  Applied  problems The  selection  of  applied  pro- 
blems is  one  of  the  difficult  tasks  of  the  teacher.  If  necessary-, 
the  teacher  modifies  or  alters   the  problems  given  in  the  text- 
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bcx^k,  or  liiinself  nuikos  problems  wliicli  suit  local  conditions 
jind  tlio  students'  grade  of  intellectual  development,  and  also 
problems  wliicli  have  t<i  do  with  cuirent  events  of  the  <lay. 
Sometimes  problems  are  pointed,  and  copies  distributed  among 
the  students. 

Moreover,    in     training    students    f<3r    elementary     scliool 
teachers,  it  is  not  ^ise  to  supply  them  always  with  problems 
read}'    made ;    aided    by    certain  suggestions,  they  should  be 
made  accustomed  to  make  problems  by  themselves, 
(c)     Method  of  exercise. 
(i)      Class- work. 

Typical  applied  problems  are  given  as  cbxss-work, 
and  students  are  required  to  discuss  and  criticize 
one  another's  work.  Especially',  tlie  students  are 
expected  to  be  able  to  explain  clearly  those  problems 
Mliich  are  given  in  the  State  text-books  for  the 
elementary"  school. 
(ii)     Home-work. 

Typical  ap))lied  problems  or  other  imix)rtant  problems 
which  the  students  were  not  able  to  solve  in  the 
class,  as  well  as  home-work. 

As  most  students  of  women's  normal  schools  are 
living  in  the  dormitory,  home-work  in  any  subject 
can  be  conveniently  inspected  and  necessary  guidance 
given. 

Both  class-Avork  and  home-work  are  written  down  in 
the  exercise-books.  The  teaclier  inspects  them  from 
time  to  time,  and  gives  suggestions  to  each  student 
as  to  proper  manner  of  writing  down,  cleanliness, 
orderliness,  etc.  These  exercise-lx)oks  serve,  in  many 
cases,  as  a  necessary  means  of  individual  instruc- 
tion, 
(iii)    Exercise  on  the   l)lack-lx)ard. 

In  many  scliools,  exercise  on  the  black-board  is 
looked  ujx)n  as  an  efficient  means  of  developing  the 
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students'  self-reliance,  and  in  giving  necessary  train- 
ing for  Ijecoming  teachers. 


IV.     Instruments  for  Instruction. 

The  necessity  of  using  specimens,  lianging  diagrams, 
models,  etc.  in  teacliing  mathematics  is  obvious,  but  has  only 
recently  been  sufficiently  recognized  by  the  teachers,  and 
consequently  there  is  not  as  yet  sufficient  equipment  made 
for  them.  However,  such  as  the  following  instruments  can 
be  seen  in  any  of  the  women's  normal  schools  nowadays. 

Set  of  geometrical  models. 

Counting  talkie,  table  of  number. 

Models  and  samples  to  be  used  in  teaching  percentage  in 
arithmetic,  such  as  samples  of  bonds,  notes,  receipts, 
etc. 

Weights  and  measures,  diagrams  of  coins. 

Models  of  cax^acity  measures  and  weights  of  principal 
foreign  countries. 

Drawing  instruments. 

Large  sorohan  for  class  use. 

Simi)le  surveying  instruments. 

V.     Text-books. 

There  are  many  text-l)ooks  for  use  in  women's  normal 
schools,  which  were  compiled  by  experienced  teacher's  and 
others.  From  among  those  wliich  were  examined  and  approved 
of  by  the  Department  of  Education,  are  chosen  the  text-books 
to  be  used  and  adopted,  suliject  to  the  sanction  of  the 
governor  of  the  prefecture. 

VI.     Reference  Books  and  Collections  of  Problems  and 
Exercises. 

In  schools  where  there  is  a   liljraiy,    the   following  books 
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are  supplicHl  for  tlie  use  of  tlio  studpiits : 

Tcxt-btx)ks  other  tlum  those  used  in  the  scIkk)!,  l)ooks  of 
similar  conteuts. 

Reference  books  "vnitten  in  ex^wsitory  form. 

Books  on  the  metliod  of  teaching  aritlnnetie. 

Mathematical  magazines. 

Scientific  magazines. 

Collections  of  prololems  and  exercises. 

Where  there  is  no  library,  sometimes  students  are  informed 
of  the  names  of  certain  text-books,  and  told  how  to  study 
them.  Again,  sometimes  collections  of  exercises  are  recom- 
mended for  pri^'ate  study.  In  all  cases,  however,  the  use  of 
collections  of  exjxmples  with  keys  or  with  notes  and  explana- 
tions, and  still  more  mischierous  l3ooks  known  here  in  Japan 
by  the  name  of  "  mathematical  dictionaries,"  wherein  examples 
with  solutions  are  categorically  given,  should  be  deprecated. 
It  A\ill  l)e  difficult  to  over-estimate  the  harm  and  mischief 
done  by  such  l)ooks  to  the  real  progress  of  the  students. 

CHAPTEll   A". 

PRErARATIOX   OF   TEAf'HEltS. 

Teachers  of  mathematics  in  women's  normal  schools  are 
cliiefly  recruited  from  among  the  gi'aduates  of  the  higher 
normal  schools  for  women.  Besides,  any  one  who  has  the 
qualification  of  becoming  a  teacher  in  the  men's  normal  school^ 
may  also  become  a  teacher  in  the  women's  normal  school. 


Appendix. 

C(.)NC'ErTioN  or  Numbers  gd-ex  to  Chii^drex 

IX   IvlXDEPiGARTEXS. 

In  the  new  regulations  for  the   normal  school,  the  estab- 
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lisliing  (if  kluclergartens  attsiclied  to  women's  normal  schools 
is  particularly  encouraged.  But  as  yet,  tliere  are  some  normal 
schools  where  no  accomodation  is  made  for  the  training  of 
kindergarten  teachers.  In  some  schools,  this  training  is  Ijeing 
given  to  tlie  students  in  public  kindergartens.  80,  although 
there  are  about  five  hundred  kindergartens  in  Japjxn,  those 
attached  to  normal  schools  count  only  fourteen. 

As  kindergartens  liave  intimate  relations  with  the  women's 
normal  school,  a  few  facts  about  childrens'  conception  of 
numljers  are  added  here  as  an  appendix. 

The  work  of  a  kindergarten  is  to  bring  up  children  from 
three  3'ears  of  age  to  their  elementary  school  age. 

The  chief  subjects  in  a  kindergarten  are  sports  and  recrea- 
tion, singing,  conversation  and  maniml  work,  all  aiming  at 
giving  suitable  jj^ijsical  and  mental  development  to  the 
cliildren  and  to  supplement  what  is  Licking  in  home  educa- 
tion. Therefore  in  kindergartens,  the  teaching  of  any  difficult 
or  complex  matters  is  to  be  absolutely  avoided. 

Accordingly',  any  sort  of  instniction  on  geometrical  figm*es, 
or  giving  them  conception  of  numbers  is  not  practicable ;  but 
when  any  numbers  occiu*  in  plays,  songs,  etc.,  the  chance  is 
always  taken  advantage  of  for  arousing  their  interest  in 
counting.  Usually  they  begin  to  have  interest  in  comiting 
from  about  fom*  years  of  age. 

There  were  found  some  cliildren  who  could  count  abstract 
numbers  up  to  forty-nine  ;  but  these  were  only  a  few  out  of 
tlie  total  of  forty.  It  was  interesting  to  observe  that  non^ 
of  them  could  coimt  up  to  fifty,  which  is  only  one  more  tlian 
forty-nine. 

Of  concrete  numbers,  only  tliose  that  are  necessary  in 
cliikkon  themselves  are   taught. 

In  manual  exercise  are    used  such  as  the  following  which 
fit  the  state  of  mental  development  and  adapted  for   arousing 
interest  of  cliildren. 
Six  spherical  balls.  ■ 
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Blocks Tliese    uro   divided  into    the  following  three  sets 

and  distributed  among  classes. 

(i)      4  cahes,  4  oblong  blocks  ; 

(ii)     4  cubes,  4  oblong  blocks,   4  blocks  ; 

(iii)   4  cubes,  4  oblong  blocks,  4  blcK-ks,  4  large  triangular 

prisms,     8     small     tiiangular     prisms,     4     quadrantal 

prisms. 

Tablet-laying Tlui  following  kinds  are  used. 

Square,  one  side  white  and  the  other  side  red ; 
Isosceles    triangle,    one     side     red     and    the    other    side 

gi-een  ; 
Non-isosceles  right-angled  triangle,   both  sides  gi'een ; 
Isosceles  oblique  triangle,  one  side  reddish  bTr)wn  and  the 

other  side  l)lue  ; 
Equilateral  triangle,   one    side   yellow  and   the  other  side 

blue. 
Stick-laying.    , 

The    sticks    are    made    either    of    wood  or  of  metal ;    the 

length  varies  from  half  an  inch  to  tlu'ee  inches. 
Ring-laying. 

The  rings  are  made  of  metal,  and  there   are    three  kinds 

as  regards  their  size.     Besides,  semi-circles  and  qiiad- 

rants  are  also  used. 


Besides,  all  sorts  of  plays  and  recreations  are  given. 
The  terms  used  for  these  ])lay things  are  derived  from  the 
shapes  of  objects  that  are  familiar  to  the  children.  Some- 
times chanting  of  eu])honic  i)hrases  giving  useful  informa- 
tion are  practised. 
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PART  II. 

Modern  Tendencies  Concerning  the  Instruction 

in 

Mathematics. 


( HAPTEPt  I. 

Modern  Tendencies  Concerntng  the  OrctANization 
OF  Schools. 

It  goes  witliont  saj'ing  tliat  the  normal  scliool  for  prepar- 
ing teachers  for  elementary  schools,  should  be  inseparably 
connected  with  the  elementary  education.  Moreover,  normal 
schools  should  1  )e  so  organized  as  to  meet  the  demand  which 
the  public  makes  for  the  elementary  school  teacher.  The 
regulations  for  the  normal  school  were  accordingly  revised  and 
the  OT'ganization  of  the  scho(jl  altered. 

The  instructions  issued  four  years  ago  b^'  tlie  Dejmrtment 
of  Education,  which  accompany  the  revised  regulations,  show 
clearly  the  modern  tendencies  regarding  the  organization  of 
the  normal  school.  The  following  is  an  extract  from  the 
said  instructions. 

"With  modern  progi'css  in  education,  much  need  is  felt 
of  improving  the  regulations  ft)r  the  normal  school.  Especially, 
the  demand  for  competent  elementary  school  teachers  increased 
of  late,  after  tlie  prolongaticm  of  our  compulsory  education. 
Thes(»  are  the  reasons  for  revising  the  old  regulations.  Li 
the  following  are  given  the  main  object  of  the  revision  and 
s(mie  vital  ])oints  on  which  spet-ial  attention  is  to  be  paid 
in  putting  the  revised  regulations  into  practice. 

"  As    for  the  com'ses    in    the    ntjrinal    scliool,   the    course 


ART.  IX.]  NORMAL  SCHOOL  FOll  WOMEN  37 

liitLerto  known  as  "  ensy  course"  is  jibolishod,  Jiud  tlie 
main  course  is  subdivided  into  tlie  first  and  the  second 
section.  In  the  first  section,  the  period  of  study  for  women 
students  is  the  same  as  tliat  for  men,  Jiainel}',  four  3'ears ; 
and  tlie  period  of  study  in  the  ])repa]'atory  course  is  one 
year.  In  spite  of  the  fact  that  women  grachiates  were  put 
in  the  same  ]  )rof essional  position  as  men,  there  has  L"een, 
liitherto,  a  (h*fl:erence  in  tlie  peiiod  of  study  of  men  and  women 
students.  Tins  was  an  inevitaljle  outcome  of  the  slowness  in 
progxess  of  A\'omen's  education  in  former  days.  But  the 
present  day  has  seen  the  raising  of  the  intellectual  standard 
of  w'omen,  and  the  demand  for  women  teachers  is  rapidly 
increasing.  Consequently,  in  this  present  revision,  the  j^eriod 
of  study  for  women  students  is  made  just  the  same  as  that 
for,  men ." 

"  In  the  second  section,  the  candidates  are  to  Ije  chiefly 
recruited  from  among  the  graduates  of  hoys'  middle  scliools 
or  girls'  high  schools  ;  and  giving  them,  after  admission,  one 
or  two  years'  training  for  elementary  school  teachers,  it  is 
lioped  that  they  will  become  qualified  as  well  as  the  graduates 
of  the  fii'st  section.  Formerl}^,  there  have  Ijeen  many  graduates 
of  various  schools  who  have  gone  into  the  teaching  ])rofession, 
but  their  hick  of  training  for  teaching  was  too  often  noticed. 
Of  lat<^  there  liave  been,  in  some  ])lace3,  short  courses  of 
training  attached  to  Jiormal  scIickjIs,  but  time  being  too  short, 
they  have  not  proved  to  be  successful.  To  remove  this 
difficulty,  the  second  section  is  newly  added  to  the  main 
com"se." 

"  But  such  gi'cat  demand  for  elementary  sclioijl  teachei-s 
as  we  are  now  experiencing,  can  not  be  su})plied  all  at  once ; 
therefore  it  is  ach'isable  to  work  on,  Avith  the  s(^cond  section, 
steadily  but  not  in  too  mucli  huriy,  ior  such  a  hun-y  in 
trying  to  get  a  large  luimber  of  graduates,  mny  necessarily 
<'ause  to  slight  the  first  section,  and  so  lower  the  standard  of 
the  properly  qualified  elementjiry  school  teacher." 


38  NORMAL  SCHOOL  FOR  WOMEN  [akt.  rx. 

"  In  cjise  there  is  uot  a  sufficient  number  of  men  and 
women  candidates  for  two.  separate  classes  of  the  second 
section  every  year,  it  may  be  well  to  form  men's  class  one 
year,  and  women's  class  the  next  year,  and  so  on  alternately,  or 
the  second  section  one  year,  and  the  short  training  coui-se  the 
next  year,  and  so  on  alternately.  At  any  rate,  it  is  imxwrtant 
that  efforts  should  be  made  to  enroll  in  the  second  section 
Jill  those  who  do  not  enter  the  main  course  and  3'et  desire 
to  become  elementary  school  teachers." 

"  To  admit  the  gi'ad nates  of  elementary  schools  straight 
to  the  n(3rmal  sch(X)l  is  only  a  right  course  to  take,  judging 
from  the  nature  of  Avork  given  in  those  two  kinds  of  schools. 
Moreover,  this  will  greatly  serA'e  for  the  pm-pose  of  inducing 
many  brilliant  students  to  go  into  the  normal  school.  These 
are  the  reasons  for  admitting  to  the  main  course  those  ^ho 
have  gi-aduated  from  a  higher  elementary  school  of  three 
yeaj^'  course,  and  to  the  preparatory  course  those  who  have 
graduated  from  a  higher  elementary  school  of  t^o  years' 
com'se.  And  as  there  are  not  as  yet  many  higher  elementaiy 
scha)ls  Mitli  three  years'  course,  goA'ernoi's  of  prefectm'es 
should  encourage  the  establishment  of  the  preparatory  coui-se." 

"  Tlie  supplementary  courses  for  the  training  of  elementiiry 
school  teachers  have  for  their  pra-poses  the  giving  of  necessary' 
additional  training  to  those  who  are  already  qujdified  as 
such." 

"  After  the  revision  of  the  regulations  for  the  elementary- 
school,  those  who  have  formerl}'  been  qualified  as  teachei-s  of 
the  lower  gi-ade,  A\'ould  find  their  scholai-ship  not  quite  equal 
to  the  new  requirements.  For  the  benefit  of  such  teachers 
particularh%  supplementar;\'  coui-ses  should  be  opened  at  the 
earliest  convenience." 

"As  for  the  change  in  the  subjects  of  study,  some 
explanations  ma}'  be  necessary.  For  men  students,  the  new 
cmTiculum  c-ontiiins  a  new  sul)ject,  "  essence  of  law  and 
economics,"  because  of  the  gi-eat  need   of  such  knowledge  in 
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the  present  day  life.  Again,  for  l;otli  men  and  Avomen, 
manual  work  is  also  added.  English  is  to  be  included  in  the 
cm-riculum  of  men's  normal  schools,  and  may  he  inchided  in 
that  of  women's ;  in  both  cases,  however,  it  is  made 
optional." 

"  The  essence  of  law  and  economics  may  be  omitted  for 
the  present.  There  are  several  things  requiring  prepara- 
tion in  putting  the  revised  regulations  into  force,  and  some 
more  instructions  will  be  given  later."  [The  further  con- 
tinuation of  the  instructions  is  omitted  here.] 

As  a  whole,  the  main  object  of  this  revision  of  legulations 
consists  in  improving  the  work  of  the  school  which  is  the 
som-ce  of  the  elementary  school  education,  in  raising  the 
quahfications  of  the  directors  and  teachers  of  the  elementary 
school,  and  in  tr3"ing  to  induce  as  many  men  and  women  as 
possible  to  go  into  teaching  profession  in  order  to  supply  the 
want  due  to  the  insufficiency  of  regular  graduates  from 
normal  schools.  The  schools  are  I'equired  to  make  earnest 
endeavom's,  within  the  limit  of  their  available  means,  to 
train  the  gi-eatest  possible  number  of  students  in  view  of 
want  of  elementary  scIkxjI  teachers  most  keenly  felt  nowa- 
days. Tlie  number  of  students  who  pay  their  own  expense 
and  women  students  is  to  be  increased  as  much  as  is  com- 
patible with  attendant  circumstances.  In  so  far  as,  not  too 
much  strain  is  put  on  the  work  of  teachers,  day  and  night 
instructions  may  Ije  encouraged.  If  it  is  necessary  for  the 
purpose  of  getting  rooms,  some  of  the  students  ma^'  be  required 
to  lodge  out  of  the  schawl.  Such  are  some  of  the  means  to 
tills  end.  Moreover,  as  the  revision  of  regulations  does  not 
necessarily  mean  the  actual  improvement  in  education,  the 
governor  of  a  prefecture  and  the  educators  should  make  their 
combined  eflbrts  in  realizing  the  work  thus  planned. 
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CIUrTEJi  II. 

Current  Opinion  on  the   Aim   and  Subject-mattei:  of 
Instruction  ix  ^Mathematics. 

TliG  most  important  branelios  of  matliera.atics  for  tlie 
normal  school  education  are  nndoubtedly  arithmetic,  algeljra, 
and  geometi'3'.  What  are  now  being  given  in  cm-  women's 
normal  schools  are  jnst  these  tlu-ee,  algebra  having  Iseen 
newl^'  added. 

As  a  matter  of  course,  a  teacher  must  know  a  gi'eat 
deal  more  than  A\hat  he  teaches.  Moreover,  the  teacher's 
joei-sonal  interest  in  the  study  increases  the  x^npil's  interest 
considerably.  For  these  reasons,  those  who  aspire  for  becom- 
ing a  successful  teacher  of  arithmetic  should  have  the  know- 
ledge of  algebra  and  geometry'. 

Utilitarianism,  too  much  prevalent  nowada^'s,  lias  fomid 
its  way  even  into  the  corner  of  the  normal  school  education. 
Too  much  attention  lieing  x>aid  to  the  actual  teaching  in  the 
elementary  school,  there  is  a  tendency  to  overlook  the 
iraix)iiance  of  stimulating  the  student's  interest  in  the  subjects 
taught  and  of  their  acquiring  the  capacity  of  freely  applying 
what  they  have  learned.  Keei)ing  such  considerations  in 
view,  it  is  ventured  to  suggest  the  following  plan  as  giving 
the  necessary  subject-mattei"s  and  minimum  amoimt  of  mathe- 
matical instruction  in  the  normal  school. 

Arithmetic Addition,    Subti'action,     Multiplication,    and 

Division  in  Integers  and  Decimals;  Fractions;  Proportion; 
Percentage  and  Interest ;  Approximate  calculation  and 
l^iTor ;  Square  I'oot  and  Cube  root ;  /S'orc/r^?? -calculation 
(addition,  subtraction,  multiplication,  and  diA'ision). 
Algebra  ■ Four  Operations  ;  Integi-al  expressions  ;  Frac- 
tional expressions ;  Equations  of  the  fii-st  and  seconel 
degi'ees  ;  Simultaneous  etpiations  of  the  first  and  second 
degrees ;  Square  root  an<l  Culje  root ;  Logarithms. 
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Geometi'V Angle  ;  rectiliiioiir  figures  ;  circle  ;    area  ;  Pro- 

X^iiion  ;  Locus ;  Mensuration  of  plane   figures  and  solids. 

For  a  long  time,  there  had  been  much  discussion  as  to 
when  decimals  in  arithmetic  should  ])e  taught.  And  noAv 
the  question  lias  l)een  finally  answered  to  the  effect  that 
decimals  should  he  tauglit  simultaneously  with  integei's. 


CHAPTEH    in. 

EXAmXATIOX. 

Until  lately,  women  as  well  as  men  students,  had  to 
pass  a  strict  examination  at  the  end  of  each  term  and  each 
school  year.  But  there  came  up  a  question  as  to  whether 
tills  method  was  advisable  for  women  students.  Just  then, 
in  1900,  the  Department  of  Education  issued  an  instruction 
to  the  effect  that  the  regular  system  of  examination  should  be 
abolished  in  the  women's  normal  school  and  girls'  liigh  school, 
where  the  students  are  in  a  critical  stage  of  mental  and 
physical  development. 

Since  then,  in  all  women's  normal  schools,  tlie  students' 
scholarsliip  has  been  judged  by  the  daily  work.  And  this 
method  seems  to  Ije  particularly  suited  to  mathematics,  more 
tlian  to  any  other  subjects. 

But  after  having  had  nearly  ten  yeai*s'  exxjeiience  in  the 
above  mentioned  method,  some  teacher's  are  now  of  the 
opinion  that  regular  examinations  are  of  much  value  and  that 
the  disadvantages  of  such  examinations  may  be  removed  by 
improving  the  method  of  examining. 

At  present,  womens'  normal  schools  are  giving  stricter 
examinations  tlian  girls'  high  schools,  for  the  following 
reasons : 
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(i)  As  the  students  of  women's  normal  schools  are  to 
Ijecome  future  elementary  school  teachers,  they  are 
chosen  by  considering  their  physical  [strength  and 
mental  ability.  Therefore,  the  normal  school  is 
more  responsible  than  the  girls'  high  school,  for 
their  intellectual  development ;  and  so  it  is  necessary 
to  know  the  exact  condition  of  the  students'  progi-ess 
and  to  direct  the  future  course  of  instiiiction  accord- 
ingly. 

(ii)  The  habit  of  exertion  and  of  hard  work  should  be 
encom'aged. 

(iii)  Tlie  X)li3'sical  welfare  of  the  students  may  be 
guarded  in  a  normal  school,  as  they  all  live  in  the 
dormitory. 


CHAPTER  IV. 

^Method  of  Teaching. 

I.     Method  of  Teaching. 

Li  spite  of  the  recent  progress  and  development  of  mathe- 
matics, and  notwithstanding  that  everything  in  daily  life  is 
becoming  more  and  more  exact  and  mathematical,  the  work 
of  teacliing  mathematics  in  tlie  elementary  and  normal 
schools  seems  to  have  made  but  little  progress.  The  blame 
may  be  put  upon  the  unsatisfactory  method  of  teaching, 
wliich  does  not  seem  to  keep  pace  with  the  progi-ess  of 
mathematics.  Though  the  teachers  in  women's  normal  schools 
have  noticed  this  and  endeavoured  to  improve  the  method  of 
teaching,  the  result  thus  far  has  not  been  very  satisfactory. 
Perhaps,  in  teacliing  mathematics  to  girls  the  teacher  is  apt 
to  give  too  much  importance  to  the  psychological  side  of  the 
work    at    the    expense    of  endangering    the    basis  of   mathe- 
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maticnl  instruction.  For  tliougli  it  is  necessary  to  use 
intuitive  method  at  the  stsirt  of  tlie  teaching  of  theoretical 
mattei-s,  it  sliould  not  l)e  kept  on  to  the  last.  It  is  in  infancy 
only  and  not  in  childhood  that  liquid  sliould  be  used  for 
daily  food ;  for  the  same  reason,  it  will  be  far  better,  after 
tlie  girls  have  Ijecome  sufficiently  versed  and  interested  in 
algebra  or  geometry,  to  follow  rigorous  methods. 


II.     Relation  Between  Different  Branches  of 
Mathematics. 

There  are  various  ways  of  gi-ouping  different  branches  of 
mathematics.  We  will  notice  only  two  of  them,  viz.,  in  one, 
aritlimetic  is  made  the  principal  branch  with  otlier  branches 
subordinate  to  it,  and  in  the  other,  algebra  is  taken  for  the 
principal  subject  and  other  branches  are  associated  with  it 
as  accessories. 
Arithmetic  iaken  as  the  principal  subject,    has  the  following 

advantages  : 

(«)     Direct  connection   with  the   elementary  school  arith- 
metic. 

(b)  Convenience  in  teaching  aritlimetic  after  graduation. 

(c)  Arithmetical  calculations  are  of  daily  need. 

(d)  Inductive    method    based    on    numerical  examples  is 
clear  and  easy  to  comprehend. 

Algebra    taken    as   the    principal    subject,    lias  the   following 

advantages  : 

(a)     Algebraic  way  of  tliinking  and  reasoning  ^s  necessary 
in  the  study  of  all  other  branches. 

(h)     Algebraic     oj>erations     admit     of     general     applica- 
tion. 

(c)      Algebraic    methods    are  general    and  admit  of    wide 
application. 
Arithmetic  taken  as  tlie  principal  subject,    has  the   following 

disadvantages  : 
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(a)     Relation  with  other  branches  is  not  very  close. 

(h)     Application  to  other  branches  is  limited. 

((')      Method    of    reasoning    is    not   general  and  often  too 
circuitous. 
Algebra    taken    as  tlie    principal  branch,    has    the    following 

disadvantages. 

(a)     It    is    too  far  removed   from    the    elementary'    school 
arithmetic. 

(h)     Algebra  is  difficult  for  beginners  to  understand. 

As  the  result  of  the  above  comj)arison,  arithmetic  taken 
as  the  principal  branch,  is  largel}'  in  favour  among  women's 
normal  schools.  In  these  schools,  although  theoretical  training 
is  one  of  the  objects  in  view,  still  the  chief  aim  is  to  give 
sufficient  mathematical  common  sense,  and  to  make  the 
students  comprehend  the  method  of  teaching  eleraentaiy 
school  aritlmietic. 


III.     Relation  Between  Mathematics  and  Other  Subjects 
of  Study. 

(a)     Between  Mathematics,  and  Ph3^sics  and  Cheraistiy. 

The  closest  relation  exists  between  mathematics  and  these 
two  branches  of  science.  In  physics,  particularly  in  dynamics, 
optics,  electricit}',  and  in  chemistiy,  ^particularly  in  the  general 
theor}',  mathematics  is  largely'  used. 

Tlie  study  of  chemistry  and  physics  does  not  suffice  with 
qualitative  exposition,  but  should  go  on  to  quantitative 
measiu-ement.  It  wiU  be  necessar}'  to  give  a  large  number 
of  problems  requiring  immerical  calculation  in  the  course  of 
physics  and  chemistry.  It  will  show  to  the  student  the 
utility  of  mathematics  and  at  the  same  time  will  conduce  to 
rousing  fresh  vigour  for  the  further  study  of  mathematics. 
Li  mathematics  too,  physical  and  chemical  problems  should 
be    inserted   here  and  there.     Efforts    should    not    be    spared 
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to  make  progi-ess  side  by  side  in  those  mutually  dependent 
subjects  of  study. 

(?>)  Between  Mathematics,  and  Drawing  and  Manual 
Work. 

Drawing  is  particulary  related  to  constructions  in  geometry. 
The  teachers  of  these  two  subjects  should  combine  their 
efforts  in  order  to  make  the  instruction  effective.  This  seems 
to  lifive  been  noticed  but  recently,  and  not  much  has  been 
accomplished  in  this  direction  as  yet. 

Relation  between  mathematics  and  manual  work  can 
only  be  established  through  the  intervention  of  mechanical 
drawing.  The  diagi'am  made  in  drawing  may  be  proved 
and  explained  in  geometry,  then  made  over  into  a  model  in 
practising  manual  work.  Such  practice  will  arouse  the  pupils' 
interest,  and,  at  the  same  time,  give  a  sm^e  knowledge  of  the 
matter.  Therefore  in  geometiy,  the  hours  of  practical  work 
should  be  combined  with  those  of  manual  work  in  order  to 
utilize  the  time  for  lx)th  subjects.  The  introduction  of  manual 
work  in  the  women's  normal  school  is  comparatively^  new, 
and  we  have  not  as  .yet  had  much  experience. 

{(■)     Between  Mathematics  and  Domestic  Economy. 

Much  importance  is  given  to  the  course  of  domestic 
economy',  or  house-keeping  and  a  large  number  oi  instruction 
hom-s  is  usually  allotted  to  tliis  subject.  But  in  women's 
normal  schools,  there  being  so  many  subjects  of  importance, 
only  a  short  space  of  time  is  given  to  domestic  economy  in 
the  third  and  fourth  .years.  The  reason  for  this  may  be 
that  it  is  entirely  an  applied  study,  and  fundjxment;d  studies 
must  come  fii-st  of  all.  Now  such  suljject  as  Jiousehold 
economy  should  make  progi'ess  along  with  mathematics ;  and 
on  this  much  attention  is  being  paid.  Li  arithmetic  too, 
sometliing  of  economics  should  be  taught,  and  some  problems 
and  exercises  be  made  from  matters  relating  to  household 
affairs. 
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FIRST    PART. 

Present  State  of  the  Organization  and  the  Methods 
OF  Mathematical  Instruction. 

CHAPTER    I. 

Historical  Outline. 

After  a  wide  observation  of  the  progi'ess  of  tlie  Avorkl, 
and  realizing  that  the  education  of  women  sliould  not  be 
neglected,  Fujimaro  Tanaka,  then  Vice  Minister  of  Education, 
asked  for  the  sanction  of  the  Prime  Minister  and  founded 
the  Tokio  Normal  School  for  Women  on  March  .3,  1874. 
This  was  the  Ijeginning  of  the  School. 

In  April  1876,  the  Normal  Course  was  called  the  Regular 
Course  and  the  preparatory  work  was  &st  given  separately. 

In  August  1883,  the  preparatory  department  was  discon- 
tinued and  the  Girls'  High  School    was  organized. 

In  August  1885,  the  School  was  united  with  tlie  Tokio 
Normal  School,  (now  Higher  Normal  School)  and  called  the 
,,  Women's  Department  of  the  Tokio  Normal  School." 

In  February  1886,  the  Accessory  Girls'  High  School  was 
separated  from  the  School  and  named  the  "  Tokio  Girls' 
High  School." 

Li  April  1887,  according  to  Normal  School  laws  promul- 
gated by  Imperial  Ordinances,  the  "Tokio  Normal  School" 
became  the  "Higher  Normal  School." 

In  March  1890,  the  "Girls'  Department  of  the  Higher 
Normal  School "  was  set  apart  and  became  the  "  Higher 
Normal  School  for  Women,"  including  the  "  Tokio  Girls' 
High  School,"  the  "Accessory  Kindergarten  of  the  Higher 
Normal  School  "  and  also  the  Elementally  School  wliich  had 
then  been  established  in  connection  with  it. 
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Li  December  1897,  according  to  ordinances  promxilgated 
by  the  Department  of  Education,  the  school  curriculum 
was  revised,  and  the  Avhole  course  was  divided  into  two 
courses — Literary  and  Scientific. 

Li  Febiuarv  1899,  a  new  course,  the  Art  Course,  was 
added. 

Besides  the  three  courses  mentioned  above,  with  the 
purpose  of  sup])]ying,  when  necessarj^  teachers  for  kinder- 
gartens and  intermediate  schools,  a  Training  Department 
for  Kindergarten  Teachers  and  special  courses  in  Household 
Affairs,  in  the  Japanese  Classics,  in  Geograpliy  and  History, 
in  Mathematics,  Physics  and  Chemistry  were  to  be  opened. 
Of  these,  the  special  courses  in  Japanese  Classics  and 
Gymnastics,  and  in  Household  Affairs  are  now  established. 

In  March  1908,  to  distinguish  the  school  from  a  sister 
scliool  which  was  then  established  at  Nara  and  named  "  Tlie 
Nara  Higher  Normal  School  for  Women,"  the  school  was 
named  "The  Tokio  Higher  Normal  School  for  Women." 

Li  March  1910,  each  course  of  The  Tokio  Higher 
Normal  School  was  subdivided  into  the  first  and  second 
sections. 

CHAPTER     H. 

Constitutions  of  the  Schools. 

The  Higher  Normal  School  for  Women  is  the  school 
where  those  persons  who  will  become  teachers  in  normal 
schools  for  women  or  girls'  high  schools  are  instructed,  and 
is  under  the  administration  of  the  Minister  of  Education. 

Those  admitted  are  selected  from  amc^n'?;  the  gi'aduates  of 
the  normal  schools  for  women,  from  the  a\  omen's  departments 
of  normal  schools,  and  from  girls'  high  schools  having  a 
four  years  course.  They  must  have  gcx)d  health  and  good 
morals.  They  must  also  ol)tain  their  nominations  from  the 
Xsrefectural  goA'ernors,  through  the  enti-ance  examinations  held 
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by  the  lio;xd-master  of  the  school.  The  applicants  must  be 
between  17  and  22  3'efirs  of  age  and  not  married.  The 
average  ages  of  the  students  at  the  beginning  of  the  new 
school  year  arc  as  follows  : — 


Preparatory 
class 

1st 
year  class 

2ncl 
year  class 

;^rd 
year  class 

4th 

year  class 

Tokio 

— 

19  Y.  1  M. 

•20  Y.  10  M. 

21  Y.  9  M. 

22  Y.  9  M. 

Niira       18  Y.  10  M. 

19  Y.  6  M. 

20  Y.  10  M.         — 

— 

The  coui-ses  cover  four  3'eai's  (In  the  Nara  School,  four 
months  of  this  time  is  given  to  the  j)reparatory  course)  and 
are  as  follows: —  in  the  Tokio  Scliool  there  are  the  courses  of 
Literature,  of  Science,  and  of  ilrt,  each  of  which  is  divided 
into  two  sections — first  and  second  sections — and  in  the  Nara 
School  there  are  the  course  of  the  Jax^anese  and  Chinese 
Classics,  the  course  of  Geography  and  History,  the  course 
of  Mathematics,  Physics,  and  Chemistry,  and  the  course  of 
Natural  Philosophy  and  Household  Affiiirs. 

Mathematics  is  taught  in  both  sections  of  the  scientific 
course  of  the  Tokio  School,  and  in  the  preparatory  coui'se 
and  the  course  of  Mathematics,  Physics  and  Chemisti'y  in 
the  Nara  School. 

CHAPTEPt     m. 


Aim  and  Subject-Matter  of   Mathematical  Instruction. 

The  purpose  of  the  course  is  to  give  the  students 
niuthemjitical  knowledge  and  ability  necessary  for  becoming 
teachers  of  mathematics  in  normal  schools  for  women  or  girls' 
liigli  schools  and  to  cultivate  the  mathematical  knowledge 
essential  to  the  study  of  physics  and  chemistiy  as  well  as  to  give 
the  necessary  equipment  for  the  study  of  higher  mathematics. 
Therefore,  the  aim  of  the  instruction  is  not  onlj'  to  ti-ain  the 
student  in  logical  thinking  but  also  in  the  application  of 
the  knowledge  to  daily  affairs  and  scientific  stud}'. 
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Subjuct-Matter  of  Instruction. 
A.     Tokio  Higher  Normal  School  for  Women. 

As  was  determined  in  April  1908,  the  mathematics  in 
the  Science  Course  comx^rised  arithmetic,  algebra,  geometry 
(with  geometrical  drawing)  and  trigonometry.  The  course  is 
as  follows : — 


year 

1st 

2ncl 

3rd 

4th 

hours  per 
week 

4 

3 

3 

3 

Subjects 

Arithmetic, 
Algebra, 
Geometry. 

Algebra, 
Geometry 

with 

Geometrical 

drawing. 

Algebra, 

Geometry 

with 

Geometrical 

drawing. 

Algebra, 
Trigonometry. 

According  to  the  revised  regulation,  issued  in  Marcli 
1910,  the  courses  in  mathematics,  in  both  the  first  and 
second  sections,  compiise  arithmetic,  algebra,  geometry  with 
geometrical  drawing,  tiigonometry,  theory  of  equations, 
analytical  geometry'  and  the  rudiments  of  calculus.  They 
are  distributed  through  the  course  as  given  below.  Li  the 
second  section,  no  exercise  is  given. 


School 
year 

Hours 

per 

week 

Term 

Subjects 

1st 

5 

1st 

Arithmetic    and     Algebra    3,     Geometry    2, 
Exercise  (1). 

2nd 

Ditto 

3rd 

Ditto  with  geometrical  drawing. 

2ud 

4 

1st 

Algebra  2,  Geometry  2,   Exercise  (]). 

2nd 

Ditto  with  projective  drawing. 

3rd 

Algebra  2,  Modern  geometry  2,  Exercise  (1). 

Foil  WOMEN. 


School 
year 

1  lonrs 

•per 

week 

Term 

Subjects 

3i(l 

G 

1st 

Algebra  2,  Modem  geometry  with  perspective 
drawing  '2,  Exercise  (1). 

'2na 

Theory  o£  eqaations  '2,  Trigonometry  '2, 
Arudytical  geometry  '2,  Exercise  (1). 

3rd 

Ditto 

1th 

5 

1st 

Analytical  geometry  1,  Rudiments  of  dif- 
ferential and  integral  calculiis  -1,  Exercise  (1). 

2ncl 

Ditto  and  methods  of  teaching. 

3rd 

Teaching  practice. 

I.       AlUTIOIETIC   AKD   AlGEBRA. 

Fundamental  Laws. 
The  Number  System ;  Numeration  and  Notation ;  Laws 
of  Association  and  Commutation  for  Addition  and  Subti'ac- 
tion ;  Laws  of  Commutation,  Association  and  Distril^ution 
for  Multiplication  and  Division  ;  Laws  of  Indices  ;  Negative 
Number ;  Law  of  Signs ;  Numerical  Values  of  Algebraic  Ex- 
pressions. 

Polj'nomial  Exx^ressions. 
Addition     and     Subtraction     of    Polynomials ;  Brackets ; 
Product  of  two  Polynomials  ;  Continued    Products  ;   Division 
by  a  Polynomial. 

Numerical  Equations. 
Equations  with  one  Uuknown   Quantity ;  Equations  with 
two   or  more  Unknown  Quantities  ;    Arithmetical  Sohition  of 
Problems. 

Factors. 
Monomial   Factors ;    Factors    found     by  comparing    with 
I\jiowii    Identities ;    I  actors    of    Numbers ;     Applic/itions    of 
Factoring. 

Highest     Common    Factors     and 
Lowest  Common  Multiples. 
Monomial     Common     Factors ;       Polynomial       Common 
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Factors ;  Common  Divisors  of  Numbei-s ;  Lowest  Common 
Multiples  of  Monomials  and  Polynomials ;  Least  Common 
Multiples  of  Numbers ;  Applications  to  Problems. 

Fractions. 

Reduction  of  Fractions  to  their  Lowest  Terms ;  Reduc- 
tion of  Fractions  to  a  Common  Denominator ;  Addition  and 
Subtraction  of  Fractions;  Multiplication  and  Division  of 
Fractions;  Theorems  concerning  Fractions;  Numerical 
Yalues  of  Fractions ;  Arithmetical  Solution  of  Problems. 
Equations  (continued). 

Equations  with  Fractions ;    Simultaneous  Equations  with 
Fractions ;  Literal  Linear  Equations ;  Solution  of    Problems. 
Po"\\ers  and  Roots. 

Laws  of  Lidices  ;  Roots  of    Monomials ;  Square  Roots  of 
Polynomials ;    Square    R(X)ts    of    Numbers ;    Cube   Roots  of 
Polynomials ;    Cube   Roots   of   Numbers ;    Rational    and    Ir- 
rational Numbers ;    Fractional  and  Negative  Indices. 
Decimal  Approximations. 

Approximate  Operations  with  Numbers  of  Sufficient 
Decimals ;  EiTors ;  Limits  of  En-ors ;  Operations  with 
Approximate  Numbers. 

Quadratic   Equations. 
Solution     of      a     Quadratic       Equation ;     Discriminant ; 
Imaginary  Numliers ;  Graphical  Representation  of  Numbers ; 
Continuity  of  Numbers ;  Solution   of  the  General    Quadratic 
Equation  ;  Trinomials  ;  Solution  of  Problems. 

Equations  wliich  can  be  solved  like  Quadratics. 
Equations  Higher    than   the    Second    Degree ;    Equations 
with  Fractions ;    In-ationjil    Equations ;    Simultaneous    Ikjua- 
tions  of  Second  Degree  ;  Solution  of  Problems. 
Ratio  and  Proportion. 
Ratio  of  Nximbers ;  Ratio  of    Magnitudes ;    Properties    of 
Ratios ;  Properties    of    Proiwrtions ;    Tlieorems ;    Direct    and 
Indirect  Variations ;    Tlieorems    on    Variations ;    Solution    of 
Problems ;  Arithmetical  Solution  of  Problems. 
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Arithmetical  and  Geometrical  Proo;rpssions. 
Arithmetical  Progi'essions  ;  Arithmetic  Means ;  Theorems  ; 
Geometrical  Progressions ;  Geometric  Means ;  Infinite 
Geometrical  Progressions ;  Aiithmetic  Solution  of  Problems 
in  Percentage  and  Interest :  Compound  Interest  and  An- 
nuities. 

Numerical   Calculations. 
Short    Methods ;    Calculating   Machines ;  Use   of  Mathe- 
matical Tables ;  Logarithmic  Tables. 

11.  Algebra. 
Integi'al  Expressions. 
Four  Fundamental  Operations  ;  Rational  Integral  Func- 
tions of  one  Variable ;  Method  of  Detached  Coefficients ; 
Homogeneous  Expressions ;  Symmetrical  Expressions ; 
Method  of  Undetermined  MultipHer ;  Some  Identities ; 
Remainder  Theorem ;  Factoring  by  means  of  Remainder 
Theorem. 

Rational  Fractions. 
General     Properties     regarding    Fractions ;    Examples    of 
Operations    with    Rational      Fractions ;    Expression    of    any 
Integer    in  any  Scale  of  Notation  ;    Radical  Fractions ;  Rule 
for  casting  out  the  Nines. 

LTational  Functions. 
Index    Laws     extended ;     Examples    of    Operations    with 
Irrational  Forms ;  Rationalizing  Factors. 

Surds  and  Complex  Numbers. 
Algebraic    and    Ai-ithmetical    LTationaUt}-  ;    Tlieorems    of 
Sm-ds ;    Square    Roots    of     Sm-ds ;     Tlieoreras     on    Complex 
Numbers ;    Rational    Operations    with     Complex     Numbers ; 
Conjugate  Complex  Numbere  and  Modulus. 

Solution  and  Discussion  of  Equations. 
Equivalence  of    Equations ;    Solution    and    Discussion    of 
Linear    Equations ;     Graphical     Discussions ;    Solution     and 
Discussion  of  the  General  Quadratic  Equation ;  Solution  and 
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Discussion  of  Equiitious  which  can  be  solved  by  means  of 
Quadratic  Eqiiations ;  Sohition  of  Arithmetical  and  Geo- 
metrical Problems, 

Liequalities. 
Fundamental     Principles     of     Inequalities ;    Solution     of 
Conditional  Inequalities  ;  Theorems  on  Identical  Inequalities  ; 
Maxima  and  Minima. 

Permutations  and   Combinations, 
r  —  Permutation  of  n  Things  ;  r  —  Permutation  with  Repeti- 
tion ;  r  —  Combination  of  n  Things  ;  Vandermond's  Theorem ; 
Combinations    with     Repetition ;     Mathematical     Induction ; 
Examples  of  Permutations  and  Combinations. 

Binomial  and  Multinomial  Theorems  for  a  Positive 

Litegral  Lidex. 

Binomial  Expansion ;    Greatest    Coefficient    and    Greatest 

Term     of    the     Expansion ;     Some    Relations     between     the 

Coefficients    of    a    Binomial  Expansion ;  Greatest  Coefficient 

of  a  Multinomial  Expansion. 

Summation  of  Series. 
Summation  of  some  Typical  Series ;  Figurate    Numbers ; 
Polygonal  Numbers  ;  Method  of  Differences  ;  Interpolation. 
Determinants. 
Definition  ;  Elementary'  Properties ;  Simultaneous  Equations 
of     First     Degree ;      Elimination ;      Sylvester's     Method     of 
Elimination. 

Probabihty. 
Definition ;     Direct      Calculations ;     Mutually      Exclusive 
Events  ;  Mutually   Independent    Events  ;  Compound  Events  ; 
Liverse    Probability ;    Expectation ;    Mortality    Tables ;    Life 
Annuity ;  Life  Lisurance. 

Indeterminate  Equations. 
Congruences ;      Power      Rests ;      Circulating     Decimals ; 
Diophantine  Analysis. 

Lideterminate  Equations  of  Second  Degree. 
Wilson's     Thcoifmi ;      Quadratic       Rests ;       Pythagolian 
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Problem ;     Ferniat's     Tlieorem ;      Resolntioji     of     Composite 
Niiml)ci's  into  Prime    Fuctors. 

Continued  Fractions. 

Convergents ;  Law  of  Formation  of  Convergents  ;  Reduc- 
tion of  any  Rational  Fraction  to  a  Continued  Fraction  ', 
Properties  of  Convergents  ;  Reduction  of  Quadratic  Surds  to 
Continued  Fractions. 

ConvergencY  and  Divergency  of  Iniinite  Series. 

Definitions  of  Convergency  and  Divergency ;  Necessary 
and  Sufficient  Conditions  for  Convergency  and  Divergency ; 
Convergency  and  Divergency  of  Series  whose  Terms  are  all 
Positive ;  Binomial,  Exponential,  Trigonometric  and 
Logarithmic  Series. 

Logarithms. 

Ex}X)nential  Tlieorem ;  Properties  of  Logarithms ; 
Logarithmic  Seiies ;  Calculation  of  the  Logarithm  of  any 
Number ;  Common  Logarithms ;  Proportional  Parts ;  Ex- 
ponential Equations ;  Convergency  of  Infinite  Products ; 
Binomial  Theorem  for  any  Index. 

III.     Theory  of    Equations. 

General  Properties  of  Polynomials. 
The  Value  of  Poh'nomial  Avhen  the  Variable    takes  large 
Values ;  The  A'alue  of  Poljaiomial  when  the    Variable    takes 
small  ^""allies  ;    Derived  Functions  ;  Continuit}'  of  a  Rational 
Function ;  Graph  of  a  Polynomial. 

General  Properties  of  Equations. 
Real   and  Imaginary  Roots  ;  Equal  Roots ;  Descartes '  Rule 
of    Signs ;    Tlie    number    of    Real    Roots    Ijetween    any    two 
given  Values  of  the  Variable. 

Relations  betAveen  the  Roots  and  Coefficents  of 
Equations. 
Theorem ;    Application    of    the    Theorem ;    Cube  Roots  of 
Unity ;  Symmetric  Functions    of    Roots ;    Theorems    relating 
to  symmeti'ic  Functions. 
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Transformation  of  Equations. 
Koots  Avith  Signs  changed ;  Roots  miiltiplied  by  any 
Quantity  ;  Reciprocal  Roots  and  Reciprocal  Equations  ;  Roots 
increased  or  diminislied  by  any  Quantity ;  Removal  of 
Terms  ;  Squared  or  Cubed  Roots  ;  Squared  Difference  of  the 
Roots  of  a  Cubic  Equation. 

Solution  of  Reciprocal  and  Binomial  Equations. 
Reciprocal  Equations  ;  Binomial  Ef^uations  ;    the    Special 
Roots    of     a;"  — 1  =  0;    Solution    of     Binomial    Equations    by 
Circular  Functions. 

Algebraic  Solution  of  Cul)ic  and 
Biquadi'atic  lu|uations. 
The  Solutions  of  the  Cubic  Equation ;  Criterion  of  the 
Nature  of  the  Roots  of  a  Cubic  Equation ;  the  Solution  of 
the  Biquadi'atic  Equation ;  Criterion  of  the  Nature  of  the 
Roots  of  a  Biquadratic  E([uation  ;  Application  to  Numerical 
Equations. 

Properties  of  the  Derived  Functions. 
Graphic  Representation  of  the  Derived  Function  ;  Maxima 
and  Minima  of  a  Polynomial ;  Rolle's  Theorem  ;  Constitution 
of  the  Derived  Functions ;  Theorem  relating  to  Multiple 
Roots ;  Determination  of  Multiple  Roots  ;  Theorem  relating 
to  the  Passing  of  the  Variable  through  a  Root  of  the 
Equation. 

Limits  of  the  Roots  of  an  Equation. 
Theorems     relating    to    the    Limits    of   Roots ;    Practical 
Applications ;    Newton's   Method   of  finding  Limits  ;  Inferior 
Limits. 

Separation  of  the  Roots  of  Equations. 
Theorem     relating    to    Commensm-able    Roots;    Newton's 
Methods    of    Approximation ;    Horner's    Method    of    Solving 
Numerical  Equations  ;  Lagrange's  Method  of   Approximation. 
Complex  Numbers  and  Complex  Variables. 
Operations  on  Complex  Numbers  ;  Continuity  of  a  Func- 
tion of  a  Complex  Variable ;   Cauchy's   Theorem    relating    to 
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the  Number  of  Roots  comprised  within  n  Plane  Area;  the 
Fundamental  Theorem  of  the  Existence  of  a  Root  of  an 
Equation. 

IV.     Geometry. 

(1)     Elements  of  Geometry. 
Introduction. 
Geometi-ical    Elements  ;    Definitions  ;  Axioms  ;    Theorems 
and    their  Relations. 

The  Straight  Line. 
Angles  ;  Parallel  Lines  ;  Triangles  ;  Parallelograms  ;  Some 
Loci  of  Points. 

Circles. 
Fundamental    Properties     of    Circles ;     Central     Angles ; 
Ai-cs  and    Chords ;    Angles    in   a  Segment ;    Tangents;    Two 
Circles ;  Inscribed  and  Circumscribed  Polygons  ;  Constructive 
Geometry  involving  the  above  Principles. 

Areas. 
Comparision    of    Areas ;    Relation   between    Areas ;    Con- 
structive Geometry. 

Ratio  and  Proportion. 
Fundamental    Propositions    of  Proportion ;    Fundamental 
Geometrical  Prox)ositions  ;  Similar  Figures  ;  Areas  ;  Loci  and 
Problems ;  Geometrical  Drawing. 

Applications. 
Measurement  of  Length  and   Areas ;    Algebraic    Ax^plica- 
tions ;     Measurement     of     Angles ;      Trigonometric     Ratios ; 
Trigonometric  Ratios  of  certain   Angles. 

Planes  and  Straight  liines  in  Space. 
Determination  of  a  Plane  in  Space ;  Relative  Positions 
of  two  Straight  Lines;  Relative  Positions  of  a  Straight 
Line  and  a  Plane ;  Litersection  of  Planes ;  Normal  to  a 
Plane ;  Normals  to  the  Same  Plane  or  Parallel  Planes ; 
Projection  of  a  Straight  Line  on  a  Plane ;  Theorem  of  three 
Perpendiculars ;  Dihedral  Angles ;  Solid  Angles. 
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Polyliedrfi. 
General  Theorems  ;  Regular   Polyliedi-a  ;  Parallelopipeds  ; 
Prisms  ;  Pyramids  ;  Similar  Polyliedra. 
Solids  of  Revolution. 
The  Cylinder  ;  The  Cone  ;  The  Sphere  ;  Spherical  Angles  ; 
Spherical  Triangles ;  Guldin's  Theorems. 
Projective  Drawing. 
Straiglit  Lines  ;  Polygons  ;  Circles  ;  Polyliedra  ;  Cylinders  ; 
Cones ;    Sections    of    a    Polyhedron ;    Sections   of    a    Cone : 
Elementary  Properties  of  the  Conic  Sections. 

(2)     Modern  Geometi-y. 
Fundamental  Metiic  Properties. 
Use  of    the    Signs  +  and  —  in    Geometry ;  Measurement  of 
Length  ;  Angles  and  Areas  ;    Law  of    Continuity  ;    Relations 
between  the  Segments  of  a  Line ;  Centre  of  Mean  Position. 
Harmonic  Ranges  and  Pencils. 
Harmonic    Division    of   a  Straight  Line ;  Pencil  through 
a     Harmonic     Range ;     Sections    of    a     Harmonic     Pencil ; 
Relation    between    the    Segments    of    a    Harmonic    Range ; 
Theorems  relating  to  Harmonic  Ranges  and  Pencils. 

Involution. 
Range  in  Involution  ;  Double   Points ;  Relations  between 
the  Segments  of  a  Range  in  Involution. 

Properties   of   Triangles. 
ConcuiTent    Lines    drawn     through     the    Vertices    of    a 
Ti'iangle;    Collineal  Points  on    the    Sides    of    a    Triangle; 
Special    Points    connected    with    a    Triangle ;    Some   Circles 
connected  with  a  Triangle. 

Propei-ties  of  the  Complete    Quadi'ilateral   and 
Complete  Quadrangle. 
Properties  of  a  Complete    Quadrilateral ;  Properties    of  a 
Complete  Quadi-angle ;  the  Principle  of  Duality. 
Properties  of  a  Circle. 
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Pole  and  Polai's  ;   Harmonic  Proportios  of  tlio    Pole    and 
Polar ;   Conjugate  Points  and  Lines  ;  Self-conpgate  Triangles  ; 
Complete     Quadrangle     inscribed     in     a    Circle ;     Complete 
Quadrilateral  circumscribed  about  a    Ciicle. 
The  Tlieory  of  Keciprocation. 

The  Principle  of  Duality ;  Harmonic  Properties ; 
Keciprocation  applied  to  Metrical  Propositions ;  the 
Reciprocal  of  a  Circle. 

The   Theory  of  Inversion. 

Inverse  Points ;  The  Inverse  of  a  Straight  Line  ;  Inveree 
Circles ;    Con-esponding  Properties  of  the  Inverse  Figure. 
Properties  of  Two  Circles. 

Orthogonal  Circles ;  Power  of  a  Point  with  respect  to 
a  Circle ;  Radical  Axis  of  two  Circles ;  Centi-e  of  Similitude 
of  two  Circles  ;  Coaxial  Circles  ;  Limiting  Points  ;  Relations 
between  the  Powers  of  Coaxial  Circles. 

Cross  Ratio. 

Cross  Ratios  of  Ranges  and  Pencils  :  Involution ;  Cross 
Ratio ;  Properties  of  a  Circle ;  nomographic  Ranges  and 
Pencils. 

V.     Teigonometry. 

The  Trigonometric  Ratios ;  Trigonometric  Ratios  of 
Complementary  Angles,  Supplementary  Angles  &c ;  Trigono- 
metric Ratios  of  two  or  more  Angles ;  Trigonometric 
Ratios  of  Multiple  and  Submultiple  Angles ;  Relations 
between  the  Trigonometric  Ratios  and  Circular  Functions  ; 
The  Inverse  Notations  ;  Solution  of  Trigonometric  Equations  ; 
Ehmination  ;  Logarithms  ;  Trigonometric  Tables  ;  Relations 
between  the  Sides  and  Angles  of  a  Triangle ;  Solution  of 
Triangles ;  Distances  and  Heights ;  Properties  of  Quadri- 
laterals and  Regtilar  Polygons ;  DeMoivre's  Theorem ; 
Expansion  of  some  Trigonometric  Functions ;  Outline  of 
Surveying ;  Relations  between  the  Trigonometric  Functions 
of    the    Sides    and    the    Angles   of   a     Spherical     Triangle  '^ 
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Solution  of  some  Spherical  Triangles. 

VI.    Analytical  Geometey. 

Co-ordinates  of  a  Point. 

Cartesian  Co-ordinates ;  Polar  Co-ordinates ;  Distance 
between  two  given  Points ;  Point  which  divides  a  given 
Segment  in  a  given  Ratio  ;  Area  of  a  Triangle ;  Locus  of 
an  Equation ;  Equation  of  a  Curve ;  Transformation  from 
Polar  to  Rectangular  Co-ordinates  or  from  Rectangular  to 
Polar  Co-ordinates. 

The  Straight   Line. 
Equation    of    a    Straight    Line ;    Different    Forms    of    the 
Equation    of    a  Straight    Line ;    General  Equation    of    First 
Degree ;    Equation  of   a  Straight    Line  referred    to    Oblique 
Axes ;  Polar  Equations  of  a  Straight  Line. 

Problems  on  the  Straight  Line. 

Straight  Line  which  passes  through  a  given  Point ; 
Straight  Line  which  passes  tlirough  two  given  Points ; 
Straight  Line  xmrallel  to  a  given  Straight  Line  ;  Co-ordinates 
of  the  Point  of  Litersection  of  two  Straight  Lines ;  The 
Condition  to  be  fulfilled  in  order  that  three  Sti'aight 
Lines  may  meet  at  a  Point ;  The  Angle  between  two 
given  Straight  Lines ;  The  Straight  Line  which  passes 
through  a  given  Point  and  makes  a  given  Angle  with  a 
given  Straight  Line ;  The  Length  of  the  Perpendicular 
drawn  from  a  given  Point  to  a  given  Straight  Line  ;  The 
Length  of  the  Straight  Line  drawn  from  a  given  Point  in 
given  Direction  to  meet  a  given  Straight  Line. 
Transformation  of  Co-ordinates. 

To  change  the  Origin  of  Co-ordinates ;  To  change  the 
Direction  of  Rectangular  Axes ;  To  change  the  Direction  of 
Oblique  Axes ;  To  change  from  Oblique  to  Rectangular  or 
from  Rectangular  to  Oblique  Axes. 

The  Circle. 

Equation    of    the     Circle     referred    to    any    Rectangular 
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Axes ;  E^iuitioii  of  tlio  Tanj2;ent  at  any  Point  of  a  Circle ; 
Equation  of  the  ISIormal  at  any  Point  of  a  Circle;  Tangents 
to  a  Circle  from  a  given  External  l^oint ;  Polo  and  Polar ; 
Equation  of  a  Circle  referred  to  any  Oblique  Axes  ;  Polar 
liquation  of  the  Circle  ;  Kadical  Axes. 
The   Parabola. 

Definition  of  Conic  Sections ;  Equation  of  a  Parabola 
referred  to  any  Rectangular  Axes ;  Tracing  of  the  Parabola 
from  its  Equation  ;  The  Tangent  and  Normal  to  a  Parabola  ; 
Two  Tangents  to  a  Paral)ola  from  a  given  External  Point ; 
Diameters ;  Equation  of  the  Parabola  referred  to  any 
Oblique  Axes ;  Polar  Equation  of  the   Paralx)la. 

The  Ellipse. 

Equation  of  the  Ellix^se  referred  to  any  Rectangular 
Axes ;  Tracing  of  the  Ellipse  from  its  Equation ;  The 
Tangent  and  Normal  to  an  Ellipse  ;  Two  Tangents  to  an 
Ellipse  from  a  given  External  Point ;  Diameters  ;  Equation 
of  the  Ellipse  referred  to  a  Pair  of  Conjugate  Diameters  as 
Axes ;  Polar  Equation  of  the  Ellipse. 
The  Hyperbola. 

Equation  of  the  Hyperbola  referred  to  any  Rectangular 
Axes ;  Tracing  of  the  Hyperbola  from  its  Equation  ;  The 
Tangent  and  Normal  at  any  Point  of  a  Hyperbola : 
Tangents  from  any  External  Point  to  a  Hyperbola ; 
Diameters  ;  The  Hyperbola  Conjugate  to  a  given  Hyperbola  ; 
Equation  of  the  Hyperbola  referred  to  a  Pair  of  Conjugate 
Diameters  as  Axes;  Asymptotes;  Equation  of  the  Hyperbola 
referred  to  the  Asymptotes  as  Axes ;  Polar  Equation  of  the 
Hyperbola. 

General  E-[uation  of  the  Second  Degree. 

Classification  of  the  Loci  represented  by  the  Equation 
of  the  Second  Degree ;  !Equation  of  a  Conic  Section  of  a 
given  Eccentricity  and  having  a  given  Directrix;  Equation 
of  the  Tangent  and  Normal  of  a  Curve  of  the  Second 
Degree. 
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yil.     Analytical  Geometry  of  three 

DiaiENSIONS. 

Systems  of  Co-orclinates. 

Cartesian  Co-ordiuates ;  Polar  Co-ordinates ;  Change  of 
Origin ;  Point  dividing  a  Line  in  a  given  Ratio ;  Trans- 
formation from  Polar  to  liectangular  or  from  Rectangnlar 
to  Polar  Co-ordinates  ;  The  liquation  of  a  Surface  ;  Equation 
of  a  Curve. 

Direction  Cosines. 

Projection  of  a  Segment ;  Projection  of  a  Plane  Figure  ; 
Direction  Cosines  (axes  rectangular) ;  Direction  Cosines  (axes 
oblique)  ;  The  Angle  between  two  Lines  with  given 
Direction  Cosines ;  Direction  Ratios ;  Relation  between 
Direction  Cosines  and  Direction   Ratios. 

The  Plane  and  the  Straight   Line. 

The  Equation  of  a  Plane ;  The  Plane  through  three 
Points ;  The  Distance  of  a  Point  from  a  Plane  ;  The  Plane 
bisecting  the  Angles  between  two  given  Planes ;  The 
Equations  of  a  Straight  Line  ;  Intersection  of  a  Plane  and 
a  Straight  Line ;  Intersection  of  Planes ;  Intersection  of 
Straight  Lines ;  Shortest  Distance  Ijetween  two  given 
Lines ;  Problems  relating  to  Planes  and  Straight   Lines. 

The  Sphere. 

Equations  of  a  Sphere ;  Tangents  and  Tangent  Planes ; 
Section  of  a  Sphere  made  by  a  Plane ;  Radical  Planes  of 
two  Spheres. 

Cylinders  and  Cones. 

Equation  of  a  Cylinder ;  Generating  Lines  ;  Equation  of 
a  Cone ;  Condition  for  the  Tangency  of  a  Plane  and  a 
Cone ;  Equation  of  a  Cone  with  a  given  Conic  for  the 
Base. 

Central  Conicoids. 

Equations  of  an  Ellipsoid ;  Hyperboloid  of  oue  Sheet  and 
Hyperboloid  of  two  Sheets ;  Tangents  and  Tangent   Planes ; 
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Polnr  Plane ;  Normals. 

Paraboloids. 
ILquatious  of  Paraboloids ;  Tangent  Planes ;  NormaLs. 

Miscellaneous. 
Circular  Sections  of  Conicoids ;  Generating  Lines  of 
Ruled  Surfaces  ;  Confocal  Conicoids ;  Reduction  of  General 
Equation  of  Second  Degree  to  Normal  Form.  (Classification 
of  tlie  Surfaces) ;  Tangent  Plane  to  the  Conicoid  represented 
by  tlie  General  Equation. 

\ILI.    Introduction  to  Calculus. 

Diflferential  Calculus. 

Constants  and  Variables  ;  Functions ;  Limiting  Ratios  ; 
Differential  and  Differential  Coefficients ;  Differentiation  of 
Products,  Quotients,  Powers  and  Function  of  Functions ; 
Anti-differential  or  Integi'al  ;  Differentiation  of  Direct  and 
Inverse  Trigonometric  Functions ;  Differentiation  of 
Logaritlimic  and  Exponential  Functions ;  Differentiation  of 
Direct  and  Invei-se  Hyperbolic  Functions ;  Successive 
Differentiation  ;  Theorem  of  Leibnitz  ;  Examples  in  Geometry, 
Physics  and  Dynamics  ;  Taylor's  and  Maclaurin's  Theorems 
of  Eximnsions  ;  Binomial,  Logai'ithmic,  Exponential  Series ; 
Expansion  of  sin  x,  cos  x,  siu"^;c,  cos"'a;  &c.  ;  (^'onvergent 
and  Divergent  Series ;  Indeterminate  Forms ;  Partial 
Differentiation ;  Total  Differentiation ;  Euler's  Theorem  for 
Homogeneous  Functions ;  Applications  to  the  Error  in 
Nmnerical  Calculations,  and  to  Isothermal  and  Adiabatic 
Expansions. 

Maxima  and  Minima  of  Function  of  one  Variable ; 
Criterion  of  Maxima  and  Minima ;  Geometric  and  Algebraic 
Examples. 

Maxima  and  Minima  of  Function  of  two  or  three 
Variables ;  Examples. 

Tangents      and      Normals :     Subtangents ;     Subnormals ; 
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Inverse  Curve ;  Beciprocal  Polars ;  Asymptotes ;  Multiple 
Poiuts  ou  Curves ;  Convexity  and  Concavity ;  Points  of 
Liflexion  ;  Radius  of  Curvature  ;  Curve-tracing. 


Integral  Calculus. 

Connection  between  Primitive  and  Derivative  ;  Elementary 
Integrals ;  Integration  by  Change  of  Independent  Variable, 
by  Parts,  by  Partial  Fractions  and  by  Successive  Reduc- 
tion ;  Some  Typical  Integi'als  ;  Definite  Integrals ;  Integra- 
tion regarded  as  Summation ;  Limits  of  Integration ;  Mean 
Yalues ;  Centre  of  Gravity ;  Length  of  Arc ;  Surfaces 
and  Volumes  ;  TNIoment  of  Liertia  ;  Strength  of  Beams,  Shafts 
etc. ;  Centre  of  Pressure ;  Practical  Problems ;  Successive 
Integration — Double  and  Triple  Integi-ation ;  Deflection  of 
Beam. 

Differential  Equations. 

Formation  and  Classification ;  Typical  Solutions  ;  Exact 
Differential  Equations  ;  Linear  Equations  ;  The  Integrating 
Factor ;  Symbolic  Methods ;  Practical  Problems  involving 
Differential  Equations; — Falling  Bodies,  Pendulums,  Simple 
Harmonic  Motion,  Vibr.itions  &c. 


B.    Nara  Higlisr  Normal  School  for  Women. 

I.     Preliminaries. 

During  the  first  four  months  fifty  hours  are  spent  in 
studying  advanced  arithmetic,  and  algebra  as  far  as  linear 
equations. 
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II.     Aritlimetic  uikI   Algolu-ii. 

Three  lioui's  n  week  in  first  year,  tlu-ee  hours  Ji  week  in 
second  year  and  two  hours  a  week  in  third  year  are  sj^ent 
in  studying  algebra  ^^•ith  Soiihon's  Elementary  Algebra  in  2 
volumes  as  the  text-book,  and  other   Ijooks  for  reference. 

Tlie  Syllabus  is  as  follows : 

(1) 
(a)     Four    Fundamental     Operations    witli    the    Natural 

Numbers ;  Three  Fundamental  Principles. 
(h)     Definition  of  Zero  and  Operations  with  it. 

(c)  Definition  of  Fractions  and  Operations  Avith  them. 

(d)  Definition  of  NegJitive  Numbers  and  Operations  with 
them. 

(2) 

(a)  Addition,  Subtraction,  Multiplication  and  Division 
of  Integi'al  Expressions. 

(h)  Factoring;  Highest  Common  Factors:  Lowest  Com- 
mon Multiples. 

(c)  Addition,  Subtraction,  Multiplication  and  Division 
of  Fractious. 

(^) 
(a)     Principles  of  the  Solution  of  E(:j[uations. 
(6)     The  Solution   of    Linear  Equations    and    Problems; 
Ai'ithmetical  Solution  of  the  Problems. 

(c)  The  Solution  of  Eciuatious  with  Fractions,  which 
can  be  reduced  to  Line;rr  Equations. 

(d)  The  Solution  of  Inequalities  of  the  First  Degi'ee. 

(e)  Discussions  of  the  Solutions  of  Linear  Equations 
and  Problems. 

(^) 
(a)     Powers  and  Roots. 
(5)     Squai-e    Ptoots    and    Cube    Ptoots    of    Numbers,    and 

their  Ax^plication  to  Problems, 
(c)     Fractional  and  Negative  Indices. 
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((?)  Definition  of  IiTational  Numbers  and  Operations 
with  tliem. 

(5) 
(«)     Solution  of  Quadratic   Equations. 

(b)  Relations  between  tlic  Eoots  and  Coefficients. 
((')     Properties  of   Trinomials. 

(d)  Solution  of  Inequalities  of  Second  Degi'ee  in  one 
unknown  Quantity. 

(e)  Equations  of  Higher  DegTee  wliicli  can  be  reduced 
to  Quadratics. 

(/)    Fractional  Equations  and  LTational  Equations. 
(g)     Problems  to  be  solved  by  Equations. 
(h)     Tlie    Change    of    Values    of    Integral    Functions    of 
Second  Degi-ee  and  Graphical  Representation  of  them. 
(/)     Maxima  and  Minima. 

(«) 
(a)     Theorems  in  Ratio  and  Proportion. 

(h)  Problems  in  Simple  Proportion,  Compound  Propor- 
tion, Proportional  Partition  and  Continued  Propor- 
tions. 

(c)  Articles  and  Problems  concerning  Percentage  and 
Interest. 

((/)     Variation. 

(7) 
(o)     Ai'ithmetical  Progressions  ;  Harmonic   Progressions. 
(h)     Geometrical  Progressions, 
(c)     Summation  of  some  other  Series. 

(8) 

(a)  Permutations. 

(b)  Combinations. 

(c)  Binomial  Tlieorem  for  a  Positive  Integral  Exponent. 
(f7)     Elementarj'  Treatise  of  Convergency  and  Divergency 

of     the    Sums     and    Products    of    Infinite     Series ; 
Binomial  Theorem  for  any  Lidex. 
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(a)     Theorems  0:1  Lo,^jiritlims. 

(h)     Calculiitioiis    with    Logarithms ;     the     Use     of     the 

Logarithmic  Table, 
(c)     Exponential  lu|uations. 
((?)     Comp)un(l  Interest  and  Annuities. 

(10) 

(a)  Continued  Fractions. 

(b)  Properties  of  Numbers. 

(c)  Solution    of    Inequalities    of    the    First    and    Second 
Degree. 

(cl)     Alligation. 

m.     Geometiy. 

Time  is  given  to  Geometry  as  follows  : — 

Three  hours  a  week  in  the  first  jeiw,  two  hours  a  week 
in  the  second  year  and  three  hours  a  week  in  the  third 
year. 

The  text-book Kikucld''s  Elements    of  Geometry  in  two 

volumes,  plane  and  solid,  with  an  appendix  giving  modern 
definitions  and  theorems  of  ratio  and  proportion  and  the 
proofs  of  the  fundamentcil   theorems  of  proportion. 

IV.     Trigonometry. 

Two  hours  a  week  in  the  second  and  third  terms  of  the 
third  3'ear  is  given  t<j  trigonometi*y.  The  text-book  to  be 
used  is  not  3-et  iised. 

(«)     The  Measurement  of    Angles. 

{b)     Trigonometric  Functions    of    tiio    Angles    from  0"  to 

90",  and  Kelations  between  them, 
(c)     Trigonometric  Functions  of   General   Angles. 
{d)     Ti'igonometric  Functions  of  the  Sura  and  Difference 
of  two  Angles. 
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{<;)  Trigonometric  Functions  of  Multiple  and  Submultijole 

Angles. 

(/)  The  Solution  of  Trigonometric  Equations. 

(g)  The  Use  of  Logarithmic   Tables. 

(h)  The  Solution  of  the  General   Triangle. 

(/)  Simple  Surveying. 

(j)  Chain   Sm'veying. 

(Ji)  Plane    Table  Surveying. 

(/)  The  Outline  of  Transit  Surveying. 


CHAPTEPt    IV. 

Examinations. 

One  school  year  is  divided  into  3  terms,  at  the  end  of 
each  of  which  an  examination  is  to  be  held.  In  the  Nara 
School,  however,  examinations  are  held  twice  a  term  on  the 
first  and  second  terms,  and  at  the  end  of  the  tliird  term, 
an  examination  covering  all  the  year's  work  is  given. 

There  is  no  "  graduation  examination "  but  instead,  the 
students  are  judged  by  their  work  in  "  practical  teaching  " 
in  the  third  term  of  the  fourtli  year. 

The  problems  may  be  classified  as  those  which  test  the 
students'  ability  in  ( 1 )  memorizing,  (  2  )  reasoning,  (  3  ) 
application  and  ( 4 )  calculation.  These  four  ought  to  be 
mixed  up  adequately.  The  kinds  of  problems  shall  be 
carefully  chosen  so  as  to  enable  the  students  to  show  their 
attainments  and  too  difficult  questions  should  l:e  avoided. 
Both  oral  and  written  examinations  are  held,  the  latter 
exclusively  for  the  term  examinations  and  the  results  of 
daily-lessons  and  of  home-exercises  are  referred  to,  also,  for 
works. 

Much  care  should  be  given  to  choosing  suitable  i)roblems, 
since  it  exercises  great  influence  on  the  students'  method 
of  studying. 
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CHAPTEK    V. 

Metliods  of  Teacliing. 

The  stadcuts  of  the  Higlicr  Norm.'il  School  for  Women 
are  ex|^)ected  to  teach  afterwards  iu  secondary  scliools ;  there- 
fore, they  must  not  only  clearly  understand  what  they 
learn  but  actually  make  the  knowledge  their  own  in  order 
to  be  able  to  teach  others  Inter.  Therefore,  for  daily  lessons, 
higher  theories  are  not  required,  but  in  the  proper  order 
and  by  simple  means  the  tniths  must  be  made  clear,  and 
especially'  in  the  elementary  courses  of  arithmetic,  algebra, 
and  geometry  these  truths  must  be  carefully  stated.  More- 
over, students  must  learn  to  make  out  good  schedules  and 
to  choose  suitable  problems. 

In  teaching  mathematics  particular  attention  shall  be 
paid  to  the  following   points  : — 

(1)  to    encourage  students  in  the  j)i'eparation  of  the  next 

lesson  by    assigning    it    at    the    end  of  the  lecture. 

(2)  to  encourage  students  in  practice  in  solving  problems 

either  by  the  classs  as  a  whole,  or  by  individuids 
in  the  class  room  or  l)y  home  exercises. 

(3)  to     accustom    students    to    the    correct    expression    of 

their  own  thoughts  by  having  them  prepare  papei-s 
at  home  to  be  given  to  the  teacher. 

(4)  to  liave  students    select  the    problems  and  make    out 

a  schedule  for  the  teaching  of  a  given  grade  of 
■work. 

(5)  to    give    to     students    the     names    of    reference-books 

on  the  subjects  of  the  lectures  and  the  i^roblems 
discussed  and  to  provide  such  books  either  in  the 
class  room  or  a   library. 

I.     Ai'ithmetic. 
(1)     Calculation  is  the   essential    part    of  arithmetic,  and 
the    degree    of    skill    in  it    has    much    effect    on  the  general 
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progress  of  tlie  student  in  mathematics,  and  yet,  calculation 
is  often  undervalued  and  neglected.  This  must  be  especially 
emphasized. 

It  is  the  object  of  calculation  to  obtain  accurate  results 
as  quickly  as  possible,  tlu'ough  skill  in  the  liandling  of 
numbers  and  tliis  may  be  attained  by  constant  practice,  by 
mastering  the  rules  of  calculation  and  by  using  short 
methods. 

The  dishke  of  calculation  as  something  troublesome  on  the 
part  of  students  and  the  consequent  slow  progress  is  t^:)  be 
traced  to  uninteresting  insti'uction  such  as  the  giving  of 
complicated  rules  for  the  mechanical  working  out  of 
problems.  Therefore  when  a  method  is  given,  it  must  be 
compared  with  the  usual  one  and  its  expediency  in  abridging 
the  labour  shown  to  the  students  thus  by  letting  them 
apprehend  its  necessity,  mid  finally  have  them  discuss  it 
and  try  it  themselves. 

The  results  of  calculation  can  never  be  utilized  unless 
their  correctness  is  assured,  and  it  is  most  desirable  that  if 
any  error  be  found,  re-calculation  should  be  done  immediately. 
By  showing  students  that  errors  in  calculation  make  great 
errors  in  the  results  in  some  practical  cases,  particularly  in 
navigation  and  astronomy  let  them  become  so  cai'eful  in 
their  work  tliat  they  may  be  able  to  rely  firmly  upon  the 
I'esults  of  their  own   calculation. 

It  is  necessary  to  check  all  calculation  work  and  also 
examine  the  result   obtained. 

To  avoid  miscalculations,  it  is  necessary  to  be  careful 
in  the  "writing  of  figures  as  well  as  in  the  method  of  work- 
ing. Students  must  be  told  that  mistakes  in  the  "^Titing 
doAvn  figiu*es  cause  more  errors    than  miscalculation. 

Complicated  problems  shall  be  left  until  algebra  is 
studied  when  they  may  be  concisely  solved  by  using  letters. 
However,  the  mathematics  in  most  of  the  girls '  high  schools, 
with  the  excej)tion  of    some,  where  elementary    algebra   and 
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elementary  geometry  iirc  given,  is  limited  to  .'iritlinictic  uud 
the  use  of  algebraic  demonstration  is  inadmissible  and 
therefore,  the  students  who  will  teach  in  such  schools  must 
become  skilful  in  arithmetical   demonstivitions. 

Ai'ithnK^tical  demonstration  is  synthetical  and  every 
step  of  a  calculation  has  its  meaning  while  algebraic  or 
literal  demonstration  is  analytical  and  symbolical,  conse- 
quently each  stiige  has  no  particular  meaning.  Thus,  as 
these  two  have  their  own  characteristics,  the  methods 
deduced  by  algebra  are  scarcely  comprehensible  to  those 
who  are  not  acquainted  with  algebra.  Therefore,  persons 
who  will  be  engaged  in  teaching  in  the  secondary  girls' 
schools  are  required  to  be  particularly  careful  about  methods 
of  demonstration. 

The  problems  shall  be  such  as  have  connection  with 
everyday  life  or  have  reference  to  geography,  j)hysics,  house- 
hold affairs  or  statistics,  and  also  to  the  prices  of  com- 
modities, that  the  students  may  cultivate  common  sense 
about  these  subjects. 

Particuhir  emphasis  must  be  placed  on  the  conversion  of 
imits  from  one  system  to  the  other,  i.e.,  the  units  of  weight, 
measures,  coins,  some  j)hysical  quantities,  and  those  commonly 
used  in  commerce  and  industry. 

Such  topics  as  life  annuities  and  life  insurance  of 
practical  value  to  the  everyday  hfe  of  the  student  shall  be 
given  due  place  in  algebra. 

The  following  are  the  essential  points  in  the  teaching 
of  arithmetic  : — 

(1)  Mental  calculations  are  important. 

(2)  Tiie  common  sense  of  the  student  must  be  developed 
by  having  her  make  estimates  before  a  problem  is 
solved. 

(3)  Comparison  between  units  such  as  those  of  weights 
and  measures  shall  be  made. 

(4)  Economical    questions    deaUng    with    everyday    life 
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must  be  considered  fib  suitable  time. 

(5)  Tlieoretical  points  sliall  be  expkined  in  connection 
with  algebra. 

(6)  Drill  in  approximations,  according  to  the  ideas  of 
irrational  numbers  in  algebra,  and  mensuration  in 
geometry,  shall  be  given. 

n.     Algebra. 

Algebra  is  begun  immediately  after  arithmetic  and  there 
is  no  definite  distinction  between  them.  The  object  of 
elementary  algebra  is  to  increase  ability  in  calculation  by 
extending  the  theory  of  arithmetic  and  the  method  of  its 
calculations,  and  to  study  the  problems  of  arithmetic  more 
carefully  by  using  equations ;  and  also  to  demonstrate 
various  j)ro^lG^^s  wliich  have  to  do  with  geometr}', 
geography,  physics  and  other  topics ;  and  finally  to  give 
the  student  the  knowledge  preparatory  for  study  in  liigher 
mathematics  and  higher   physics. 

In  one  way  algebra  is  a  general  arithmetic,  because  the 
arithmetical  theorems  can  only  be  simple  and  completely 
worked  out  by  substituting  letters  for  numbers ;  therefore, 
in  elementary  algebra  each  step  must  be  compared 
to  arithmetic  and  it  is  a  great  mistake  to  consider  that 
the  study  of  .arithmetic  ends  with  the  beginning  of 
algebra. 

Not  only  in  the  discussion  of  theories  but  also  in  the 
actual  work  of  calculation,  elementary  algebra  and  arithmetic 
must  be  closely  con-elated.  The  letters  in  elementary 
algelira  must  Ije,  at  first,  treated  as  signifying  certain 
numbers  as  a  matter  of  convenience.  And  step  by  step  the 
real  significance  of  the  letters  must  be  impressed  upon  the 
students.  At  fii'st,  let  the  students  substitute  numerical 
values  for  the  letters  and  calculate  the  value  of  the  algebraic 
expression  and  test  the  results  of  the  literal  or  algebraic 
calculations. 


AKT.  X.]  FOR  WOMEN.  27 

The  elemetary  algebra  lias,  as  its  fouiidation,  tlio  solution 
of  equations  and  their  applications.  Along  with  equations, 
identities  ought  not  to  be  neglected.  At  the  same  time  the 
solution  of  equations  is  taught,  by  the  change  in  value  of 
the  algebraic  expressions  the  conception  of  a  function  and 
its  variation  is  to  Ije  taught  and  by  the  graphs  of  algebraic 
expressions  the  relation  between  the  variables  and  their 
functions  must  be  shown. 

The  elementary  algebra  treats  chiefly,  as  above  stated, 
numerical  calculations  and  the  solution  of  equations,  but  in 
the  advanced  course  careful  discussions  and  sti'ict  demon- 
strations and  drill  in  mathematical  induction  must  be 
given. 

In  algebra,  confa-ary  to  geometiy,  strict  demonstrations 
are  not  given  from  the  first,  therefore  there  is  a  tendency 
toward  the  inaccurate  use  of  words  and  inexact  proofs  of 
theorems,  wliich  ought  to  be  carefully  avoided. 

The  following  points  should  be  carefully  observed  by 
teachers. 

(1)  Problems  shall  be  taken  from  everyday  Hfe  as  in 
arithmetic. 

(2)  Comparison  shall  be  made  Ijetween  the  algebraic 
and  the  aritlmietical  solutions  of  the  problems  in 
the  equations  of  the  first  degree. 

(3)  Abundant  drill  in  oj)erations  on  algebraic  expres- 
sions shall  be  given. 

(4)  Uniformity  in  the  ways  of  "^^'riting  down  and  ex- 
pressing one's  thought  is  to  be  aimed  at. 

(5)  Exact  distinction  between  the  necessarj^  condition 
and  the  sufficient  condition  in   demonstration. 

m.     Geometry. 
Geometry    is    the    science    of    reasoning  and  gives    most 
valuable    mental  training  and    cultivates    accm-ate    thinking, 
careful    use   of    words    and    thoroughness    in  study.     At  the 
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same  time,  the  studying  of  the  x^ractical  problems  of  space 
with  the  aid  of  algebra,  physics,  geography  &c.,  gives 
adequate  materials  for  exercise  in  calculation. 

Geometry  is  the  most  abstract  subject  among  the  pure 
sciences  since  it  deals  with  things  wliich  do  not  enter  into 
other  spheres  but  in  its  relation  to  secondary  education,  the 
object  must  be,  on  the  one  hand,  mental  training,  and  on 
the  other  hand,  practical  applications.  Therefore  it  is 
desirable  to  apply  its  definitions  and  theorems  to  the  solu- 
tion of  problems  in  other  spheres.  Moreover,  the  theorems 
which  have  already  been  proved,  must  be  tested  from  all 
points  of  view  and  practical  ax)plications   made  of  them. 

A  preliminary  course  might  be  given  under  the  name  of 
elementary,  experimental,  or  inventive  geometi-y  before  the 
systematic  study  of  demonstrative  geometry  is  begun  but 
students  of  this  school  are  expected  to  have,  ah'eady,  some 
knowledge  of  elementary  and  therefore  the  demonstrative 
geometry  is  systematically  begun  at   once. 

Li  the  last  centm-y  the  study  of  geotnetry  made  certain 
advances  in  new  direction  and  not  a  few  theorems, 
such  as  the  x^i^'i^iciples  of  continuity,  duality,  inversion, 
harmonic  ratio,  anharmonic  ratio  &c.,  were  discovered  and 
are  taught  under  the  title  of  Modern  Geometry  as  a  supple- 
mentary course  to  Euclidean  geometry. 

However,  the  theorems  and  discussions  of  Modern 
Geometry  are  too  comx^lex  and  difficult  to  be  given  to 
students  of  this  degree  of  advancement.  Moreover,  there  is 
an  advantageous  method  of  explaining  the  definitions  and 
of  demonstrating  the  theorems  by  the  translation  and 
rotation  of  the  figures,  but  this  method  is  not  taught  as  it 
does  not  agree  with  the  former  proofs  and  theorems. 

Not  only  is  it  very  convenient  and  helpful  to  the  correct 
understanding  of  geometry  to  denote  geometrical  quantities 
by  numbers  and  to  apply  algebraic  principles  to  the 
geometric  theorems  but  it  also  provides    further  opportunity. 
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for  drill  in  tlio  use  of  equations,  especially  iiTational  or 
quadratic  equations. 

Geometrical  drawing  and  geometry  are  closely  related  to 
one  another,  and  the  proper  arrangement  of  subjects  will 
help  the  progress  in  each  of  them,  e.  g.,  on  the  one  side,  by 
practically  expressing  what  is  designed  in  geometry  and  on 
the  other  side,  by  that  practical  expression  leading  the 
pupils  to  discover  some  relations  essential  in  the  investiga- 
tion of  the  theorem  under   discussion. 

Graphical  representation  is  not  as  easy  in  soHd  geometry 
as  in  plane  geometry,  and  those,  esiDecially,  who  have,  as 
yet,  no  knowledge  of  solid  geometiy  can  scarcely  under- 
stand the  diagram  of  a  solid  figure.  Therefore,  some 
models  of  solid  figures  ought  to  be  provided. 

Care  should  be  taken  to  the  following  points  in  teaching 
geometry :  — 

(1)  The  distinction  between  what  is  defined  and  what 
is  to  be  proved. 

(2)  To  make  the  nature  of  a  theorem  and  the  methods 
of  proof  thoroughly  understand.  Lessons  in  logic 
would  be  helpful. 

(3)  Geometrical  models  should  be  provided  in  the  class 
room  since  the  close  observation  of  them  will  greatly 
help  students  to  comprehend  the  figures  discussed. 

(4)  At  fii^st,  rulers  shall  be  used  to  draw  perpendicular 
and  parallel  lines,  the  foot  rule  to  divide  straight 
lines,  and  the  j)rotractor  to  divide  angles  ;  later,  in 
constructive  geometry,  the  straight  edge  and 
compasses  only  shall  be  used  while  in  geometrical 
drawing  other  instruments  may  be   used. 

(5)  After  finishing  a  geometrical  drawing  it  must  be 
measured  and  the  results  compared  with  those 
obtained  from   tlie  algebraic  calculation. 

(6)  In  connection  with  geometrical  drawing  the  outhnes 
of  grapliic  calculation  may  be  given. 
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(7)     A  diagoual  scale  and  a  scale  of  chord   may  be  made 
with  card  board  and  so  also  models  of  solid  figiu'es. 

rV.     Trigonometry. 

Trigonometry  is  the  application  of  algebra  and  geometry 
and  can  not  be  as  entirely  separated  from  other  subjects  as 
arithmetic,  algebra  and  geometry  are,  because  the 
trigonometric  functions  are  no  more  than  the  ratio  between  two 
sides  of  a  right  angled  triangle.  Therefore  the  properties  of 
the  functions  and  their  relations  to  each  other  are  studied 
according  to  the  principles  of  geometry,  the  transformation 
of  trigonometric  functions  and  the  sohition  of  trigonometric 
equatioDS  are  treated  according  to  the  theory  of  algebra,  and 
the  sohition  of  any  triangle  is  only  the  application  of  algebra 
to  theorems  of  geometry.  From  tliis  point  of  view,  it 
would  seem  that  trigonometry  should  be  included  A\itliin 
geometry ;  yet,  ti'igononietrical  functions  have  their  charac- 
teristic properties,  and  it  seems  better  to  teach  trigonometry 
as  a  separate  branch. 

Trigonometry  is  a  subject  which  can,  very  easily,  be 
made  interesting  to  students.  Its  functions  though  simple, 
are,  nevertheless,  most  widely  applied,  e.  g.,  in  j^hysics,  to 
the  com}X)sition  and  decomposition  of  forces,  to  the 
coefficient  of  friction  and  to  some  problems  in  the  refraction 
of  rays.  Moreover,  practical  application  of  the  solution  of 
triangles  is  made  in  surveying,  a  subject  which  greatly 
interests  the  students. 

Practical  applications  of  the  theorems  of  trigonometry 
should  be  made  as  soon  as  possible.  Before  the  logarithmic 
solution  of  a  triangle  is  given  the  solution  of  a  triangle  by 
the  table  of  natural  functions  should  be  given,  with  some 
simple  apx^lications  to  surveying.  This  will  reach  the 
purpose  given  above  and,  at  the  same  time,  make  the 
meanings  and  the  appUcations  of  the  functions  more 
thoroughly  understand. 
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It  is  jidvisable  to  use  trigonometry  in  the  demonstration 
of  some  of  the  theorems  of  soHd  geometry,  which  can  be 
simply  proved  by  the  aid  of  trigonometry  and  also  to  the 
harmonic  ratio  of  pencils  in  modern  geometry. 

Actual  practice  in  sm-veying  shall  be  given. 


SECOND  PART. 

Modern  Tendencies  of  the  Teachintt  of 
Mathematics. 

CHAPTEE    I. 

School  Organization. 

Formerly,  all  the  students  of  the  Higher  Normal  School 
for  Women  studied  only  the  higher  common  subjects,  but 
the  progi'ess  in  the  education  of  girls  made  necessary  the 
better  training  of  teachers.  Therefore  in  1907  and  1908  all 
subjects  taught  in  the  school  were  classiiied  in  the  three 
courses  of  Literature,  of  Science  and  of  Arts,  and  in  the 
sister  school,  wliich  was  established  at  Nara  in  1908,  all 
subjects  taught  were  classified  into  the  Courses  of  the 
Japanese  Language  and  Chinese  Classics ;  of  Geography 
and  History ;  of  Mathematics,  Physics  and  Chemisti-y ;  of 
Natural  Philosophy  and  Household  Aifairs,  and  subsequently 
in  1911  in  the  Tokio  School  all  the  courses  were  subdivided 
into  the  first  and  second  sections.  Thus  the  domain  of  any 
special  course  is  gradually  made  narrower  but  greater 
emphasis  is  placed  upon  the  subjects  in  the  coun-e  by 
increasing  the  number  of  hours  of   lectures, 

Lastructors  in  mathematics,  particularly,  must  have 
higher  training  and  greater  skill  in  teaching  than  those  in 
other  suljjects.  And  it  is  generally  acknowledged  to  Ije 
true  tliat  mathematics  is  most  diflicult  to  teach  and  in 
order  to  do  it  well,  sufficient  training  and  talent  in  teaching 
are  required. 

CHAPTER     H. 

Aim  and  Subject-Matter  of  Mathematical  Instruction. 
(1)     Subjects  recently  added  to  the  Course. 
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Formerl}',  nritlimotic,  a,lgel)rsi,  goometry  and  trigonometry 
■were  given,  but  recently,  liiglier  algebra,  analytical  geometry 
and  elements  of  diflerential  and  integi'al  calculus  were  added 
to  this  list. 

(2)     Topics  to  lie   Omitted. 

Those  difficult  articles  and  j^roblems  of  arithmetic,  which 
can  only  be  solved  with  the  aid  of  algebra,  are  given  in 
algebra, 

111  elementry  geometry  the  treatments  of  Euclid's  ratio 
and  propoi-tion  are  omitted  and  are  given  as  an  article  in 
the  liistorical  discussions. 

Tlie  following  are  the  x>oiuts  about  which    particular    care 
should  be  taken  : — 

The  conception  of  a  function  is  not  only  necessary  in 
mathematics  but  also  in  practical  cpiestions,  therefore  l)y 
the  teaching  of  the  "  graphs  "  of  algebraic  expressions  &c. 
students  should  be  given  a  clear  conception  of  a  function. 

Mental  arithmetic,  estimations  and  contracted  calculations 
have  heretofore  often  been  undervalued  in  spite  of  their 
practical   value.     Tliis  mistake  must  be  carefully   avoided. 

Tlie  substitution  of  numerical  vahies  for  geometrical 
quantities  not  only  makes  the  subject  practical,  but  also 
makes  its  connection  with  the  principles  of  arithmetic  and 
algebra  more  close  and  thus  gives  training  in  both  of  these 
as  well.     Tliis  sort  of  drill  should  always  be  given. 

CIL^PTEPt    in. 

Examinations. 
The  object  of  an  examination  is  to  find  out  how  the 
students  are  studying  and  to  force  a  review  of  their  work. 
Tlie  value  of  education  lies  not  in  the  amount  taught,  Init 
in  the  amoimt  understood  by  the  students ;  therefore  the 
efficiency  of  teacliing  can  onlj^  be  judged  l)y  the  progress 
made  by  students  and  the  method  of  teaching  must  be 
based  on  the  result  of  examining    actual  progress    made    by 
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students.  For  these  two  reasons,  it  is  necessaa-y  to  know 
tlie  results  obtained  by  their  study,  and  though  this  will 
paiily  be  accomplished  in  the  class  rcxjm,  it  is  imjoossible 
to  find  out  how  much  of  the  work  discussed  during  a 
certain  x^eriod  was  comprehended  by  each  student.  There- 
fore, regular  examinations  are  necessary  in  our  schools  in 
their  x^resent  stage  of  development.  Moreover,  in  tliis  school 
the  equipment  of  the  students  must  l3e  compared  with  a 
fixed  standard  in  order  to  ascei-tain  ^^hether  they  are  fitted 
to  be  teachers  in  the  intermediate  schools  for  girls  and  this 
can  be  done  by  the  regular  examinations. 

Moreover,  the  regular  examinations  on  the  lessons  studied 
during  a  certain  jjeriod,  will  cause  the  students  to  review 
them,  and  thus  gain  a  better  understanding  of  them.  For 
these  reasons  the  examinations  may  be  considered  expedient 
and  can  not  Ije  abandoned  merely  because  they  have  some 
defects.  One  thing  tliat  should  be  guarded  against  in 
examination  is  tlie  overexertion  on  the  part  of  students 
before  the  examination.  Esx^ecially  among  girls,  mental 
and  x)hysical  development  is  liindered  by  it,  and  for  this 
reason  in  the  elementary  schools,  and  in  the  intermediate 
girls'  schools  no  regular  examinations  are  held.  But  in  oiur 
school  for  the  reasons  above  mentioned,  they  can  not  be 
omitted. 

Further,  the  selection  of  problems  for  the  examinations 
shall  be  carefully   made. 

In  matliematics,  more  than  in  other  sulijects,  there  is 
often  considerable  difl:ereuce  in  the  results  obtained  by 
students  caused  by  the  ^^Tong  selection  of  j)i"oblems. 
Problems  that  require  some  sx)ecial  talent  or  training  or  that 
can  be  solved  by  some  accidental  flash  of  thought  should  be 
avoided  and  those,  that  allow  the  students  to  show  their 
real  attainments,  chosen.  Moreover,  sufiicient  time  should 
be  given  to  solve  and  discuss  the  ju'oblems    completely. 

Though  the  examination  is,  on   the  one  hand,  a    test,  on 
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tho  other  liand,  it  is  ji  real  part  of  tlie  lessons,  and  in  the 
case  of  "VM'itten  examinations,  papei's  shall  be  inspected  and 
criticized  in  detail,  and  aft<?r  the  mistakes  liave  been  corrected 
the  x^apei-s  shall  be  sent  l)ack  to  students  to  let  them 
know  how  the.y  made  mistakes. 

CHAPTER     IV. 

Methods  of  Teaching. 
(A)  Psychological  observations  and  precautions  of 
students  are  still  required  in  this  school.  Tlie  fundamental 
characteiistic  of  mathematics  is  the  accm'acy  and  exactness 
of  its  demonstrations  and  its  treatments  of  numbers,  and 
unless  demonstrations  are  satisfactorily  made,  the  object  of 
mathematics  is  not  attained.  If,  however,  work  which  is 
beyond  the  mental  grasp  of  the  students  is  expected  at  the 
beginning,  the  subject  will  become  uninteresting  to  them  and 
their  progress  will  be  slow.  Therefore,  those  articles  which 
are  difficult  of  demonstration  may  simply  be  explained  by 
the  teacher  or  assumed  as  being  true,  and  the  proof  post- 
poned until  later.  Thus  as  the  students  progi'ess  in  power 
the  work  may  increase  in  difficulty.  For  example,  in 
algebra,  we  may  dispense  with  systematic  treatment  at  the 
start,  and  as  to  theorems  and  laws,  they  shall  first  be  given 
in  concrete  numerical  form  and  the  theoretical  demonstration 
later.  The  importance  of  teaching  by  intuition  diminishes 
as  the  degi'ee  of  attaiment  of  the  student  increases  and 
consequently  no  x>articular  emphasis  is  placed  on  it  in  this 
school  except  in  the  following : — 

(1)  Measiu-e  and  weights  in   their  models  shall  be  used 
in  the  class  room. 

(2)  To  let  the  students  observe  geometrical  figures. 

(3)  To  give   concrete    calculations    before    proceeding    to 
theoretical  explanations. 

(4)  To    let    the    students    make    the    "  gi'aphs "    of    the 
functions. 
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(7i)  Examj)les  of  l*ractical  Application  and  of  Experi- 
mental Teaching. 

(1)  Surveying. 

(2)  Use  of  slide  rule  and  mathematical  instruments  and 
graphical  calculations.  (• 

(3)  Drill  in  estimations. 

(4)  Tabulation  of  various  units ;  prices  of  commodities 
and  statistical  articles. 

(5)  Construction  of  diagonal  scales ;  models  of  solid 
bodies ;  and  others  that  may  be  referred  to  the 
teaching  of  mathematics. 

A  mathematics  exercise  room  shall  he  provided  for  the 
purpose. 

(C)  To  make  the  Popular  Knowledge  of  Mathematics 
more  widely  spread,  It  is  advisable  to  publish  such  Books 
as  will,  by  combining  Literature  and  Mathematics,  interest 
their  Header.  We  have  a  Few  of  these,  e.g.,  the  "  Mathe- 
matical Cards,"  "  Mathematical  Club,"  <tc. 

Before  the  great  political  change  in  the  beginning  of 
Meiji  in  Japan,  a  book  of  populai"  aiithmetic,  named  "  Jin- 
ko-ki,"  or  "  Book  of  Numbers,"  Jin  meaning  one  ten-billionth, 
Ko,  ten  billions,  and  Ki,  tlie  books  or  note,  was  most 
widely  used  and  almost  every  family  was  provided  with  it 
as  well  as  with  the  calendar.  But  the  modern  mathematical 
books  published  are  limited  to  text-books,  reference-books 
for  its  study,  or  books  on  higher  mathematics  for  pro- 
fessional men,  which  are  not  of  interest  to  the  whole  famil3\ 

Though  mathematical  plays  are  one  of  the  best  means 
of  increasing  ^xjpular  education  in  mathematics,  it  is  not 
yet  widely  carried  out. 

Of  course  the  mathematics  is  an  abstract  subject,  but  if 
it  is  well  comxwehended  and  well  applied,  it  will  gradually 
become  interesting.  The  c.iuses  of  the  general  dislike  of 
mathematics  are  as  follows : 

(1)     The     giving     of     abstract     subject    from    the     very 
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Ijeginniug. 

(2)  The  inipi"oper  arrangement  mid  tn^atnient  of  subject. 

(3)  Unsuitjible  clioice  of  subjects  for  tlie  equipment  oi 
students. 

(4)  Incomplete  comprehension  of  the  pnjperties  of 
numbei-s. 

(5)  The  bringing  oni  move  clearly  than  in  other  subjects 
distinction  in  the  ability  of  the  students. 

(7))     Tlie   Way  to  remove   these   Causes  of    the    General 
])islike  of   Mathematics. 

(1)  By  having  the  students  "work  out  many  concrete 
problems  and  keep  in  close  contact  Avith  practical 
questions. 

(2)  By  selecting  the  subjects  suitably  and  arranging 
them  and  their  treatment  properlj'. 

(3)  By  insisting  on  reviews. 

(4)  Bj'  calling  out  the  interest  of  students  in  the 
deductions  of  mathematics  by  making  their  under- 
standing of  them  clear. 

(5)  B}'  finding  out  the  cause  of  the  defect  in  poor 
students,  and  to  remove  the  cause  or  give  them 
additional  special  instruction. 

(6)  By  showing  students  the  necessity  of  having 
mathematical  knowledge  in  order  to  accomplish  any 
enterprise  in  life. 

(  E )    Relation  between  different  Branches  of  Mathematics. 

(1)  Elementary  algebra  and  elementry  geometry  shall 
be  kept  separate.  Though  the  pnwf  of  some  of  the 
theorems  of  elementary  geometry  may  be  simplified 
by  the  application  of  numljers,  in  our  school  logical 
training,  as  well  as  the  practical  application,  is  higlily 
esteemed,  and  therefore,  tlie  geometry  is  given  as  a 
pin*e  science ;  and  the   clo.se   connection  between  the 
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articles  must  be  cjirefullj  preserved.  If  geometry 
is  given  with  algebra  the  connection  between  theorems 
will  become  confused  and  inexact  demonsti-ations 
Mill  result.  Tlierefore  elementarj'  geometry  is  given 
separately,  not  with  elementry  algebra.  And  after 
the  course  in  plane  geometry  is  finished  the  measur- 
ing of  geometrical  qmmtities  is  given  and  then  tlu> 
application  of  algebra  follows.  The  same  is  true 
of  solid  geometry. 

(2)  As  to  the  teaching  of  plane  and  solid  geometry 
together,  there  is  a  great  advantage  in  placing  the 
simpler  propositions  of  solid  geometry  before  the 
most  complex  ones  of  x)lane  geometry  and  in 
grouping  subjects  which  are  similar  in  lioth  of  them 
such  as  loci,  symmetiy  etc,  but  it  will  be  best  for 
the  strictlj^  logical  training  to  keep  them  separate. 

(3)  There  is  also  an  advantage  in  giving  the  definitions 
and  properties  of  trigonometric  functions  and  the 
relations  between  them,  when  teaching  the  similar 
figures  in  elementary  geometry.  However,  there  is 
no  necessity  of  removing  the  conventional  limits 
between  them  as  it  would  put  some  obstacles  in  the 
way  of  progress  in  each  of  them. 

(4)  As  to  elementary  geometry  and  elementary  algebra, 
the  latter,  wliich  has  the  closest  connections  witli 
arithmetic,  t)Ught  reall}'  to  l;e  given  first.  Li  this 
school  both  are  given  simultaneously^  but  no  trouble  is 
found. 

(5)  There  is  no  need  of  removing  the  boundary  line 
between  synthetical  and  analytical  geometry. 

(6)  As  for  infinitesimal  calculus,  both  the  integral  and 
differential  calculus  sliall  be  given  together  and 
after  the  differentiation  of  a  function,  the  integi'ation 
is  given  as  the  reverse  operation,  thus  the  relaticm 
between  the  differential    coefficients  and  the  original 
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function  will  be  well  }xi)prchenclecl.  Ai^plicatiwns  to 
geometry  .ind  dynamics  may  1x3  easily  made  Ijy 
reducing  tlie  ecpiations  obtained  l>y  differentiation. 

(F)     ReLition  between  Mathematics  and  otlier  Subjects. 

(1)  Li  drawing,  the  geometrical  drawing  is  based  upon 
the  principles  of  geometry  and  the  conceptions  of 
distance,  of  shades  and  shadows  in  free  hand  draw- 
ing   come  from  geometry. 

(2)  Ranges  of  mathematics  applicable  to  physics  : — 
Application  of  algebra  and  trigonometry  are  made 
in  dynamics,  e.g.,  in  the  discussion  of  falling  bodies 
the  solution  of  equations  of  second  degi'ee  is 
necessary,  and  in  decomposition  of  forces  &c.,  the 
trigonometric  functions  are  used.  Logarithmic 
tables  are  used  in  the  quantitative  experiments,  and 
in  wave  theory,  electricity,  etc.  the  expansion  of 
binomial  theorems  and  trigonometric  functions  of 
sum  and  difference  of  two  angles  are  used,  and  in 
order  to  express  the  relation  between  vapour  tension 
and  temperature,  or  other  diagramatical  expressions 
such  as  "  Stress-strain  diagrams,"  &c.  the  fun- 
damental conception  of  analytical  geometry  is 
applied.  To  deduce  the  critical  pressm^e  and  the 
critical  temperatures  from  the  "  Van  der  Vall's " 
equation  the  f)i"operties  of  ei^ual  roots  of  cubic 
equations  may  l3e  used. 

On  the  whole,  instead  of  the  application  of  in- 
finitesimal calculus,  certain  algebraic  means  should 
be  substituted  and  those  su'ticles  which  are  not 
suitable  for  students  below  the  third  year  class, 
shall  be  given  in  the  last  term  of  the  fom-tli  year 
under  the  topic  of  Miscellaneous  Theories  of 
Physics. 

(3)  In    chemistry,    also,    mathematical    calculations    are 
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necessary  in  tlie  laboratory  work,  and  the  solution 
of  quardratic  equation  is  necessary  in  the  theory  of 
chemical  dynamics  among  the  general  theorems  of 
chemistry. 

(4)  Geogi'aphy  requires  the   aid  of  mathematics    in    the 
following   cases  : — • 

Measurement  of  direction  on  maps ;  the  reducing 
of  maps ;  measurement  of  distance  on  maps  ;  sight 
measm'ement  of  distance  and  direction  ;  measure- 
ment of  distance  on  foot ;  orthogonal  projection ; 
enlai'ging  and  reduction  of  maps  ;  use  of  proportional 
compasses  for  above  object ;  stereogi"aphic  projection  ; 
measurement  on  maps  witli  compasses  and  with 
map  measures  ;  simple  conic  projection  ;  the  Banne 
conic  projection ;  the  measm'ement  of  surfaces  with 
gelatine  paper  ;  INIercator's  projection  ;  contom-  maps  ; 
isothermal  and  isobaric  lines ;  average  height  of 
mountain  range ;  topogi-aphic  sections ;  charts  of 
X>rofile ;  charts  of  rainfall ;  use  of  clinometer ;  square 
measure  witli  cross  section  paper  and  with  balance ; 
plane  table  survejang ;  sea  sounding ;  charts  of  the 
density  of  ix)pulation ;  hypsometiical  maps ;  obseiTa- 
tion  of  temperature  and  barometer ;  use  of  cur- 
rentmeter ;  square  meter  with  jjlanimeter ;  charts  of 
distribution  of  i)i*oducts ;  charts  of  races  of  mankind ; 
charts  of  imports  and  exports ;  relief  maps ;  use  of 
sextant ;  use  of  pantogivaph ;  isochronic  chart ; 
observation  of  temperature  of  water ;  use  of  terrestial 
globe. 

(5)  Arithmetic  and  algebra  have  close  connection  with 
applied  sciences  and  problems  of  everyday  life, 
such  as :  transmission  and  commutation ;  asti'ononiA' 
and  meteorology ;  calendar ;  agiicultural  industry ; 
hygiene  and  necessities  of  life ;  civil  engineering ; 
archtecture    and    surveying ;    population    and    ages ; 
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labour  and  "wages;  taxos  and  insurances;  l)ills  and 
exchanges ;  banks  and  companies ;  measure  and 
weight ;  coins  ;  longitude  and  latitude  ;  difference  of 
time  &.C. 

CHAPTEll     Y. 

Preparation  of  Teachers. 

(1)     Listitutions  for  this  Object. 

Among  the  institutions  for  the  preparation  of  women  as 
teacher  in  the  secondarj'  schools  for  girls,  those  following 
are  under  the  administration  of  the  Minister  of  Education  : 
the  Tokio  Higher  Normal  School  for  Women,  the  Nara  Higher 
Normal  School  for  Women,  the  Tokio  Fine  Ai-t  School,  the  Tokio 
Musical  School,  the  Special  Course  in  Tokio  Higher  Normal 
School  for  Women,  and  the  Sixth  Temporary  Institution  for 
Training  of  Teachers.  Moreover,  the  honour  gi-aduates  of 
those  private  schools  which  have  been  acknowledged  bj  the 
Minister  of  Education,  and  those  who  have  xmssed  the 
examination  for  teachere,  which  is  held  once  a  yeai",  may 
become  teachers  in  the  intermediate  girls'  schools. 

Tlie  x^sitions  as  teachers  of  mathematics  are  taken  by 
the  gi-ad  nates  of  the  first  and  second  sections  of  the 
mathematical  course  of  the  Tokio  Higher  Normal  School  for 
Women,  of  the  course  of  Mathematics,  Physics  and  Chemistry, 
of  the  Nara  Higher  Normal  School  for  Women,  and  of  the 
Special  Com-se  of  Mathematics,  Physics  and  Chemistry  of 
the  Tokio  Higher  Normal  School  for  Women.  But  the 
special  com-ses  are  only  established  when  it  is  considered 
necessary,  and  at  present  no  special  course  in  mathematics 
exists. 

No  gi'aduates  of  i^rivate  schools  are  ajjproved  as  teacher 
of  mathematics  without  passing  the  qualification  examination. 

A  quahfication  examination  is  held  in  the  suliject  desired 
by  the  applicant.     An  applicant  for   a    position    as    teacher 
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of  mathem.itics  sliall  be  examined  in  aritlimetic,  algebra  and 
geometry,  after  she  lias  passed  the  examination  in  pedagogy, 
and  after  those  are  passed  she  may,  if  she  wishes,  be 
examined  in  trigonometry,  analytical  geometry  or  infinitesimal 
calculus. 

The  degi'ee  of  the  qualification  examination  is  equal  to 
that  of  tlie  attainments  of  the  graduates  of  Higher  Normal 
Schools  and  no  great  dift'erence  is  made  between  women 
and  men. 

Applicants  for  arithmetic,  algebra  and  geometry  shall 
pass,  first,  the  preparatory  examination,  second,  the  main 
examination,  and  third,  the  oral  examination. 

(2)     Attainments  of  Teachers. 

Teachei-s  of  the  girls'  school  of  the  middle  class  are 
expected  to  have  some  knowledge  of  trigonometiy,  analytical 
geometiy  and  infinitesimal  calculus  besides  arithmetic, 
algebra  and  geometry  as  well  as  pedagogy.  It  is  often 
said  that  it  would  be  advantageous  to  liave  men  teachers 
instead  of  women  for  all  branches,  except  household  affairs 
and  sewing,  and  particularly  for  natural  pliilosophy  and 
arithmetic  because  the  women  teachers  are  said  not  to  liave 
sufficient  attainments.  However,  the  necessary  womanly 
training  cannot  be  liad  without  women  teachers. 

The  incomplete  preparation  of  the  women  teachers  is 
due  to  the  fact  tliat  the  course  for  teachei^s  included  too 
many  subjects  and  it  may  be  considered  as  an  advance  in 
the  right  direction  that  the  couree  has  Ijeen  limited  to 
subjects  closely  connected  with  a  given  branch.  Good  results 
from  this  may  be  expected  in  a  short  time.  The  women 
teachers  have  less  time  than  the  men  to  spend  in  study 
because  of  household  siffairs  and  they  seldom  make  study 
their  life  Avork.  It  cannot  l:e  denied  tliat  they  are  under 
some  disadvantages  in  the  pursuance  of  their  studies  and 
the  daily  progress  in  kjiowledge.  Therefore  it  is  most 
desirable  tliat  meetings  be  lield  where    lectures  m-e  given  at 
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some  time  of  leisure  such  as  the  siiiniiKn-  vaextion.  At 
present,  Ijesides  that  under  the  auspices  of  the  Department 
of  Educ^ition,  many  such  meetings  are  held  by  educational 
societies  ke.  in  every  part  of  the  ajuntry. 

Besides  this  the  establisliment  of  societies,  in  which  the 
results  of  the  study  of  each  juember  may  be  given  the 
knowledge  of  each  imparted  to  the  others,  will  serve  to 
greatly  encom-age  study.  Tliere  are  such  meetings,  but,  to 
om-  regret,  they  seem  to  be  cliiefly  supported  by  men  and 
few  women  who  have  to  do  with  the  education  and  bringing 
up  of  children  attend  these   meetings. 

In  the  Tokio  Higher  Normal  School  for  Wcimen,  there  are 
tlu^ee  such  societies,  /.  r.,  The  Society  of  the  Literal  Course, 
Tlie  Society  of  the  Scientific  Giurse  and  The  Society  of 
the  Art  Course,  all  composed  of  the  students  and  graduates 
of  the  respective  courses.  Tliey  meet  once  a  term,  at  which 
time  their  studies  are  discussed. 

Tliis  does  not  give,  as  yet,  satisfactory  results,  but  after 
making  gi-adual  progi-ess,  we  belive,  it  Avill,  to  some  degree, 
serve  to  attain  the  ol)jects  mentioned  alx)ve. 

CH.^TER     VI. 

Exercise  Room. 
Just  as  a  lalx)ratory  is  necessary  in  physics,  chemistry, 
iiatm'al  philosophy  and  geography,  so  is  the  exercise  room 
in  mathematics.  In  this  room  black  l)oards,  sufficient  to 
accommodate  all  the  class  at  (jnce,  are  to  be  provided. 
The  following  ocxuipment  is  essential. 

(1)  Spherical  black  board. 

(2)  Some  cross  section  boards. 

(3)  Hinged  dihedral  black  boards. 

In  addition  the  following  instruments  are  to  be  provided. 
(1)     Rulers    and     compasses    for    Ijlack     lx)ard    and    an 
elliptical  disk. 
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(2)  Wooden  culies  of  u  cul)ic  decimetre,  a  cul>ic 
centimetre  kc. 

(3)  Rectangular  and  cylindrical  measures  of  S/to  and 
cylindrical  measures  of   a  liti'e  and  a  gallon. 

(4)  Brass  weiglits  from  500  grammes  to  1  gramme,  and 
l)alance. 

(5)  Measures  of  Sli/'h",  Knjira  Slmhi,  si  metre  and  a 
yard. 

(G)     Foreign  coins  or   their  models. 

(7)  Listruments  for  measming  distances  (Tape,  x)ole, 
skewer). 

(8)  Listi'uments  for  measuring  anlgles  (Sextant, 
theodolite). 

(9)  Patterns    of    bills,    documents,    certificates  of    stoc*ks  __ 
and  lx)nds. 

(10)  Slide  rule ;   Arithmometer. 

(11)  Geometrical  figures  and  solids. 

(12)  Sections  of  cones  and  models  of  surfaces  of  second 
degi'ee. 

(13)  Drawing  instruments. 

(14)  Copy  of  mechanical  drawings. 

(15)  Models  and  apparatus  made  by  students  to  illustrate 
the  various  mathematical  concepts  in  the  education 
of  the  elementary  and   secondary    schools. 

Books  to  be  j)rovided  are  as  follows: — 

(1)  Text-books. 

(2)  Reference-books  and  exercise-books. 

(3)  Current  text-l)ooks  in  the  elementary  and  secondary 
schools. 

(4)  History  and  pedagogy  of  mathematics. 

(5)  Logarithmic  tables  from  3  to  7  places,  and  tables 
of  squares,  cubes,  square  roots,  cube  roots,  reciprocals, 
compound  interest. 

(fi)     Reference-books  on   teaching. 
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FIRST  PART. 

PRESENT    STATE    OF    THE    OPvGANIZATION    AND 

THE  METHODS  OF  MATHEMATIC.iL 

INSTRUCTION  IN 

COMMERCIAL  COLLEGES  AND  SCHOOLS. 

(a) 
CoMMERCL^x  Colleges. 

The  Types  of  Schools. 

The  Higher  Commercial  Schools  or  Commercial  Colleges, 
foimdecl  subject  to  the  regulations  relating  to  Special 
Schools  (Semmon  Gcd-Jco)  and  to  Technical  Schools  (Jitsicgijo 
Galckb),  provide  a  higher  com"se  in  commercial  education. 

At  present,  five  colleges  are  established  and  maintained 
by  tlio  Government,  and  one  by  the  Osaka  municipal 
authorities,  viz  : — 

Tokio  Commercial  College, 
Kobe 

Yamaguchi 
Nagasaki 
Otara 

Osaka  Municipal 
In  the  first  two    Colleges,    the   course    covers    four    years 
—  a    one-year    preparatory  course  and  a  three-year  principal 
com*se.     In  the  others,  the  course  covers  three  yeai'S. 

Besides  these,  there  are  some  six  j)i'ivate  Commercial 
Colleges  of  similar  standing. 

Requirements  for   admission  arc  generally  as  follows  : — 
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1.  Candidates  must  l)o  over  17  years   of    age,    healthy, 

and  of  good  moral  character. 

2.  Tliey    must    be    graduates    of    Middle  Schools  or  of 

Commercial  Schools  of  Class  A,  or  must  x^J'esent 
certificates  of  the  same  degree  of  scholarship  as 
graduates  of  Middle  Schools. 

3.  They  must  either  pass    the    entrance    examinations, 

or  be  qualified  to  have  the  privilege  of  free  ad- 
mission according  to  the  regulations  of  respective 
colleges. 

Average  Age  of  the  Students. 

Tokio  Commercial  College  (Oct.  1910) 

Yis.  mos. 

First  year  Class  (Preparatory  Course)  20.00 
Second  year  „  (1st  yr.  Princ.  Course)  20.10 
Third  year      „     (2nd  yr.       „  ,,       )  21.09 

Fourth  year    „     (3rd  yr.        „  „        )  22.10 

Yamaguchi    Commercial  College    (June  1910) 

First  year  Class     20.00 

Second  year    „       21.00 

Third  year      „       22.03 

Remark  1.  To  the  course  in  the  Tokio  Commercial 
College  is  added  the  Professional  Course  extending  for  two 
years,  to  which  the  graduates  of  the  Tokyo  Commercial 
College  and  those  of  the  Kobe  Commercial  College  are  ad- 
mitted. But  in  this  course,  the  curriculum  includes  no 
subject    x^ertii-ii^ing  ^  mathematics, 

Kemark  2,  The  Commercial  Teachers'  Training  In- 
stitute, attached  to  the  Tokio  Commercial  College,  will  be 
dealt  with  later  on. 
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Aim   and   Material   of  Mathematical   Instruction   in 
Commercial  Colleges. 

Ill  tliG  Commercial  Colleges,  tlie  principal  aim  of 
mathematical  instraction  is  to  impart  knowledge  of  the 
principles  and  methods  of  the  calcnlations  required  in  the 
different  branches  of  commerce  and  to  drill  the  students  in 
practical  accounting.  Along  with  this,  attention  is  x>aid  to 
commercial  usages,  to  the  correct  and  concise  statement  of 
accounts,  jind  to  the  fostering  of  quick  understanding,  ac- 
ciirate  ideas,  and  good  habits,  such  as  keeping  things  in  an 
orderly  manner. 

Generally,  this  is  given  under  the  name  of  Commercial 
Mathematics  or  Commercial  Arithmetic,  except  in  the 
Tokio  Commercial  College  where  the  course  is  divided 
into  three  pai'ts,  viz.,  Arithmetic  and  Algebra,  Commercial 
Mathematics,  and  Higher  Mathematics,  of  which  the  second 
mentioned  subject  naturally  occupies  the  greatest  number  of 
hours. 

At  present,  different  colleges  have  different  time-tables 
and  syllabuses,  some  of  which  are  shown  below. 

Tijie-Tables  of  Mathematics. 

Commercial  ColleE'es  havino;  a  Four- Year  Course. 


TOkio 

Commercial 

College 

K5be 

Commercial 

College 

First  Year 
(Preparatory  Course) 

hrs.  per  week 
3 

hrs.  per  week 
4 

Secontl  Y'ear 

(Principal  Course,  1st  year) 

2 

2 

Third  Year 

(Principal  Course,  2ncl  year) 

3 

2 

Fourth  Y'ear 

(Principal  Course,  3rcl  year) 

1 

— 
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Commercial  Colleges  having  a  Three- Year  Course. 


Yamagnchi 

Commercial 

College 

Nagasaki 

Commercial 

College 

Otarn 

Commercial 

C\)llege 

( )sakii 

Commercial 

College 

1st  year 

hrs.  per  week 
2 

hrs.  per  week 
2 

hrs.  per  week 
2 

hrs.  per  week 
2 

2nd  year 

1 

2 

2 

2 

3rtl  year 

3 

2 

1 

1 

— 

Syllabus  of  Mathematics  in  The  Tokio  Commercial 

College. 

AEITHMimC   AND    Al/IEBRA. 
First  Year. 
(Preparatory  Course) 
Three  hours  per  week. 

1.  Mental  calculation. 

2.  Soroban-calculation, 

3.  Written  calculation  : — 

Foreign  weights  and  measures. 

Foreign  monetary  systems. 

Practice,  simple  and  compound. 

Percentage. 

Interest. 

Logarithms. 

4.  Algebraical  subjects  : — 

Summation  of  series. 

Probability. 

Graphical  representation  of  functions. 
Allotment    of    hours : — To   Nos.    1    and    2,  one  hour  per 
week  is  allotted ;  to  No.  3,  tAvo  hours  per  week    in  the  first 
term,    and    one    hour    in    the   second  and  third    terms  (each 
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academic  year  being  divided  inUy  three  terms  );  and    to    No. 
4,  one  liour  x>er  week  in  the  second  and  third  terms. 

COMJEERCIAL   MaTHEMATK 'S. 

Tliis  com'se  is  given  in  English,  the  whole  subject  being 
treated  in  such  a  Avay  as  to  constitute  a  matJiematical  in- 
tciyretattoji  of  commercial  tiscujcs,  methods  and  princijcHes.  In 
the  majority  of  subjects,  the  theory  is  treated  algebraically 
and  is  followed  invai'iably  by  arithmetical  applications  based 
on  actual  business  data. 

Second  Year. 

(Principal  Coui-se,  1st  year.) 

Two  hours  per  week. 

1.  Introduction  : — 

Scope  of  Commercial  Mathematics. 

Their  relative   position   in   a    course  of   business 

training. 

Their  principal  aim. 

Precautions  to  be  taken  in  order  to  ensure  reliability. 

2.  Time-saving  Rules. 

3.  Approximation. 

4.  Reduction,  ascending  and  descending,  of  denominate 

number's.     Practical  study   of   international  com- 
mercial  metrology. 

5.  Chain  rale. 

6.  Simple  and  com^wund  conversion. 

7.  Valuations. 

8.  Percentage. 

9.  Profit  and  Loss. 

10.  MiscellaneoiLs  jx^.rcentage  problems. 

11.  Interest. 

12.  Discount. 

13.  Common  due  dates. 

14.  Equation  of  time. 
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15.  Compound  equation  of  time. 

16.  CmTent  accomits. 

17.  Problems  in  accounting. 

18.  Alligation. 

19.  Tares,  etc. 

20.  Freightage. 

21.  Customs  duties  <t  fiscal  dues  generally. 

22.  Charges  on  goods  generally. 

Third  Year. 

(Principal  Course,  Second  Year.) 
Three  hours  per  week. 

23.  Bullion  and  Specie  : — 

Gold  bullion.  Silver  bullion.  Pai'tings.  Money. 
Generalities  on  monetary  systems  and  Mint 
regulations.  Standards.  Remedy  allowances. 
Seigniorage.  Least  cmTent  weights.  Standai'd 
coins.  Subsidiary  coins.  Trade  coins.  Different 
values  of  coins.  Arithmetical  illusti'ation  of  the 
usages  of  the  leading  bullion  markets  (London, 
Paris,  New  York,  Berlin)  and  of  the  Far  Eastern 
centres  (Japan,  China,  Hongkong,  Philippines, 
French  Lido-Cliina,  Siam,  Dutch  East  Lidies, 
Straits,  British  India).  Rapid  surve.y  of  the  mone- 
tary conditions  of  other  countries. 

24.  Foreign  Exchange  : — 

Generalization.  Definition  of  the  rate  of  ex- 
change. Fluctuations  of  same.  Favourable  and  un- 
favourable rates.  The  par  of  exchange.  Theoretical 
par.  Practical  par.  Exix)rt  and  import  bullion  and 
specie  points.  Diversity  of  estimates  in  this  respect. 

25.  Direct  Exchange  : — • 

Position  of  the  calculator.  Modes  of  quotation. 
Types   of  bills  quoted.      Methods  for  calculating 
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value  of  a  f^iven  bill  on  the  basis  of  the  quotation 
for  a  diiferent  t^'pe  of  bill.     "  Tel  quel  "  rates. 
Arithmetical  peculiarities  of  certain  courses  of  ex- 
change (London,  Paris,  New  York,  Berlin  and  Far 
Eastern  banking  centi-es) 

26.  Bills  in  foreign  currency  drawn  on  Far  East : — 

Method  of  settlement. 

27.  Comparison  of  direct  reciprocal  rates  : — 

(  a  )  between  markets  giving  fluctuating  prices  to 
each  other. 

( h  )  between  a  giving  and  a  receiving  mai'ket. 
( c  )  between  markets  quoting  hj  agios. 

28.  Indirect  exchange : — 

Its  usefulness  and  limitation. 
Arbitrage.     Arbiti-ated  pars.     Compound  and  cir- 
cuitous arbitrated  pars. 

29.  Arbitrage  expenses  : — 

Methods  of  treatment.     Percentage  h'nks. 

30.  Fire  insurance  : — 

Generalities.     Premiums. 
Claims  for  losses  under  a  specific  policy. 
Claims  for  losses  under  an  average  ix)licy. 
Apportionment  of  fire  losses  under  concurrent  ex- 
istence  of  a  number  of    policies   (sj^ecific   and/or 
average). 

31.  Marine  insurance: — ■ 

Computation  of  the  premium. 

Fiscal  and  other  insurance  charges. 

Calcuhition  of  amount  to  insure    on  all  classes  of 

insurable  interests. 

Valued  and  open  policies. 

Claims  against  insurers  for  returns  of  premium  on 

cancelment  of  polic}',  for  short  distance,   and  for 

short  interest. 

Claims  for  total  loss,  salvage  losses,  general  average 
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contributions,   particular  average    losses,    and  ex- 
penses. 

Particular  average  "  francliise  "  and  "  series." 
General  average  adjustments  according   to    York- 
Antwerp,  British,  and  "  foreign  "  Rules. 
32.      Foreign  Trade  : — 

Standing-in  accounts ;  simple  and  compound. 

Computation  of  "Scales"  based  on  a  differentiation 

between  specific  and  advalorem  items. 

Limit  calculations. 

Net  result  accounts  of  consignments. 

Calculation  of  margins. 

Invoices  and  account  sales. 

Higher  Mathematics 

as  applied  to  Financial,  Actuarial,  Statistical  and 
Economical  Problems. 

Fourth  Year. 

(Principal  Course,  3rd  year.) 

One  liour  per  week. 

1.  Financial  sulijects  : — 

Annuities. 

Instalments. 

liedemption  with  premiums. 

2.  Actiiarial  subjects  : — 

Mortality  tables. 
Premiums. 
Premium  reserves. 
Joint  life  insurance. 

3.  Stfitistical  subjects  : — 

Averages,      median      and     iquartiles,      x^ercentile 
methods,  and  mode. 
Theory  of  errors. 
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Interpolation. 
4.      Economical  subjects  : — 

Utility  of  commodities. 

Demand  curves  and  supply  curves. 

Exchange  and  other  economic  problems. 
In  other  colleges,  the  syllalxis  of  mathematics  is  similar 
to  that  of  the  Tokio  Commercial  College,  except  that  some 
subjects  belonging  to  Higher  Mathematics  are  only  briefly 
treated  or  entirely  omitted,  more  stress  being  laid  on  soroban- 
calculatious. 

Examinations. 

Examinations  are  of  two  kinds,  viz :  annual  examiiia- 
tions  and  term  examinations. 

The  annual  examination  is  held  at  the  end  of  the  aca- 
demic year  in  all  the  subjects  studied  during  that  period. 

The  term  examination  is  generally  held  at  the  end  of 
■each  of  the  first  two  terms. 

The  Year's  mark  is  based  on  the  marks  of  the  annual 
and  term  examinations  as  well  as  on  daily  marks. 

In  some  colleges,  occasional  examinations  take  the  place 
of  term  examinations. 

Generally,  no  special  gi-aduation  examination  is  held,  but 
the  annual  result  at  the  end  of  the  last  academic  year 
■decides  the  gi-aduation. 

Methods  of  Teaching. 

Instruction  is  given  in  various  ways: — Lectm'e,  practice 
in  calculation,  solution  of  i^roblems,  and  the  making  out  of 
business  forms  and  documents. 

Text  Ijooks  are  not  generally  used,  but  formuljie,  prob- 
lems and  summaries  of  lectures  are  reduced  to  prints  or 
pap3'rogi"aphic  impressions  and  distributed  to  the  students 
to  aid  their  memories. 
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Preparation  of  Teachers. 

Up  to  the  x^i'ssent,  there  is  no  special  organization  in 
existence  for  the  preparation  of  teachers  of  mathematics  in 
the  Commercial  Colleges. 


Present  State  of  the  Organization  and  the  Methods 
of  Mathematical  Instruction  in  the  Com- 
mercial Schools  of  Class  A  and  B. 

The  Types  of  Schools. 

The  Commercial  Schools  which  are  esfciblished  in  ac- 
cordance with  "  the  Commercial  School  Eegnlations,"  are 
divided  into  two  Classes,  viz.,  Class  A  and  B. 

The  aim  of  these  is  to  give  instruction  necessary  for 
those  who  enter  into  commerce. 

The  com-se  of  the  Commercial  ScIkxdIs  of  Class  A  covers 
from  three  to  five  years.  Tlie  requirements  for  admission 
are  as  follows :  —  Tlie  candidate  must  be  over  14  years  of 
age  and  a  graduate  of  a  Higher  Elementary  School  having  a 
two-year  course,  or  have  equivalent  preparation. 

The  course  of  the  Commercial  Schools  of  Class  B  covers 
three  years  or  less.  The  re(|uirements  for  admission  are :  — 
The  candidate  must  be  over  12  years  of  age  and  a  graduate 
of  an  Elementar}'  School,  or  have  a  higher  preparation. 

To  mpst  commercial  schools  of  Class  A,  a.  preparatory 
course  of  one  or  two  jenvs  is  added.  Graduates  of  an 
elementary  school  are  admitted  to  the  first  year  of  the 
preparatory  coui-se  covering  two  years.  Where  the  pre- 
paratory   course    consists    of  one  year  only,  the  graduates  of 
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oleraeiitary  scliools  nre   ndmittccl    upon    their    m;ikiiig    sxddi- 
tioiiul  pi'ep.iratiou. 

Average  age  of  boys  iu  Commercial  Schools  of  Class  A. 
(Oct.  1910) 

Yrs.'mos. 

(1st  year  class 15.11 


Three-year  coui'se       ■'2nd 
3rcl 


17.00 
18.00 


Four-year  course 


Five-year  coui'so 


I"  1st  year  class      15.07 

1 2nd  „  16.00 

isrd  „  17.09 

Uth  „  18.09 

(Ist  year  class    15.03 

2nd         „  16.04 

3rd  „  17.00 

4th  „  18.00 

5th  19.00 


Average  age  of  boys  in   Commercial   Schools  of  Class  B. 
(Oct.  1910) 

Yrs.  mo<4. 

f  1st  year  class    13.02 

t2nd  „  14.03 

1 1st  year  class    13.08 

Three-yeai'  course       j  2nd         ,,  14.09 

•d  15.09 


Two-year  course 


Two-vear  coui'se 


Tokio  IVIianicipal  Cjmmercial  Evening  School. 

Yrs.  ynn'i. 

1st  year  class   16.03 

2nd         17.02 


Remark.  Among  the  Girls'  Commercial  Schools,  besides 
those  for  training  clerks  and  accountants,  tliere  are  some 
schools  whose  express  object  is  to  prepare  diligent  and 
intelUgent  wives  for  tradei's.  In  the  former,  the  mathemat- 
ical course  is  the  same  as  in  a  Commercial  School  of  Class 
A   or    B,    but    in    the    latter,    iu    addition    to    the    ordinjiiy 
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.irithmetic    tauglit    in   girls'   schools,    lessons   in    commercial 
arithmetic  are  given. 


Aim  and   Material   of  Mathematical   Instruction  in 
Commercial  Schools. 

The  aim  of  mathematical  instruction  in  the  Commercial 
►Schools  is  the  training  in  the  j)i'actical  use  of  commercial 
calculations  and  the  development  of  mathematical  mental 
power. 

Generally  speaking,  in  the  Commercial  Schools  of  Class 
A,  the  mathematical  cun'iculum  consists  of  the  following 
subjects : — 

1.  Soroban-calculation  and   Mental  calculation, 

2.  Arithmetic, 

3.  Algebra, 

4.  Geometry, 

5.  Commercial  Arithmetic. 

In  most  of  the  schools  wliich  have  a  preparatory  course, 
ai'ithmetic  is  taught  only  in  that  course. 

Under  the  present  regulations,  Commercial  Schools  of 
Class  A  may  be  divided  into  three  kinds  according  to  the 
number  of  years  over  which  tlie  course  extends,  viz.,  three 
years,  four  years  and  five  years ;  and  again  into  another  set 
of  three  kinds  from  their  having  a  preparatory  coiu'se  of 
either  one  or  two  ye^irs  or  no  preparatory  course  at  all. 

We  have,  therefore,  so  many  types  of  Commercial  Schools 
of  Class  A,  and  moreover  schools  of  the  same  type  may  have 
different  coui-ses  of  studies,  giving  rise  to  a  very  large 
variety  of  time-tables  and  syllabuses.  The  following  tables 
are  specimens  of  some  typical  ones. 
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Time-Tables. 

(No.  of  liouis  per  week.) 

Commercial  school  with  a,  three-year  course  fiud  a  two-year 
preparatory  coiurse. 


Soroban- 

cal.    A- 

mentiJ 

cal. 

Arith. 

Alge. 

Cieom. 

Com. 
arith. 

Treparatory 
Course 

1st  yr. 

3 

2ncl  yr. 

3 

Principal 

Course 

1st  yr. 

i 

3 

2nd  yr. 

• 

1 

2 

2 

3rd  yr. 

2 

Commercial  school  with  a  three-year  course  and  a  one-year 
preparatory  course. 


Frep.  course 

1 

4 

Principal 
Course 

Ist  yr. 

1 

2 

2 

2nd  yr. 

1 

2 

1 

2 

3rd  yr. 

1 

1 

2 

14 
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Commercial  school  with  a  foiir-year  c;ourse  and  a  two-year 
preparatory  course. 


Soroban- 

cnl.    tt 

mental 

cal. 

Arith. 

Alge. 

Geom. 

Com. 
arith. 

Preparatory 
Course 

1st  yr. 

4 

2nd  yr. 

4 

Principal 

Course 

1st  yr. 

2 

2 

2nd  yr. 

2 

3 

3rd  yr. 

1 

2 

2 

4th  yr. 

2 

Commercial  school  with  a  five-year  course  and  without 
preparatory  course. 
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Syllabus  of  Mathematics  in  the  Commercial 
Schools  of  Class  A. 


Mental  Calculation. 

1. 

Addition, 

2. 

Subtraction. 

3. 

MultipHcation. 

4. 

Division. 

Soroban-Calculation  . 

1. 

Addition. 

2. 

Subtraction. 

3. 

MultipHcation. 

4. 

Division . 

Arithmetic. 

In  most  schools,  this  subject  is  given  in  the  preparatory 

course. 

1. 

Integers  and  decimals. 

2. 

Compound  numbers. 

3. 

Measures  and  multiples. 

4. 

Fractions. 

5. 

Ratio  and  proportion. 

6. 

Percentage. 

7. 

Square  root  and  cube  root. 

8. 

Mensuration. 

CoiVOIERCLiL   ArITHIMETIC. 

1.      Introduction  :  — 

Scope  and  nature  of  the  subject.     Specialities  of 

the  subject  compared  to  ordinary  arithmetic. 

Mathematical  appHcations  and  their  practical  uses. 

Statement  of  accounts. 

Helative  position    of  the   soroban  in  arithmetical 

calculation. 
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2.  Time  saving  rules  : — 

Hapid  calculation. 
Approximation  and  contraction. 
Testing. 

3.  Weights  and  measures,  monetary  systems,  time. 

4.  Trading,  profit  and  loss  : — 

Prices,  Kates. 
Discount. 
'  Tares  and  drafts. 
Profit  and  loss,  and  rate  per  cent. 

5.  Trade  charges  and  office  expenses  : — • 

Freight. 

Insurance  premiums. 

Storage. 

Customs. 

Commission  and  brokerage. 

Taxes. 

6.  Interest  calculations  : — 

Interest. 

Discount. 

Cm-rent  deposit  accounts. 

Accounts  current. 

Equation  of  time. 

Investments.    (}.^ublic    bonds,    stocks,   immovable 

property,  long  term  loans.) 

7.  Proportional  division : — 

Apportionment. 
Average  settlement, 

8.  Foreign  exchange. 

9.  Invoices,  account  sales,  &c. 

10.  Standing-in  accounts. 

11.  Calculations  in  accountancy. 

12.  Annuities  and  instalments. 

13.  Miscellaneous  exercises. 
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Ar/IEBRA. 

1.  Iiiti'od  action. 

2.  Four  rules  for  integral  expressions. 

3.  Simple  equations. 

4.  Measm-es  and  multiples. 

5.  Fractions. 

6.  Fractional  equations. 

7.  Square  root  and  cube  root. 

8.  Quadratic  equations. 

9.  Irrational  quantities. 

10.  Propoi-tion. 

11.  Progressions. 

12.  Logarithms. 

Geometry. 

1.  Introduction. 

2.  Straight  lines. 

3.  Rectilinear  figures. 

4.  Circle. 

5.  Proportion. 

6.  Solids. 

N.B.  In  many  schools,  some  of  the  subjects  in  the  sylla- 
buses on  algebra  and  geometry  are  not  given,  and  in  a 
few,    geometry  is  entirely  omitted. 


Syllabus  of  Mathematical  Instruction  in  the  Com- 
mercial Schools  of  Class  B. 

Arithmetic. 

1.  Mental  calculation. 

2.  Soroban-calculation. 

3.  Written  calculation. 

4.  Compound  number's. 

5.  Fractions. 
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6.  Proportion. 

7.  Percentage. 

8.  G)mmercial  calculatituis. 

Generally,  four  or  five  Iioui-s  per  week  are  given  to  this 
subject  throughout  the  years  over  wliicli  the  course    extends. 

In  some  schools,  this  suljject  is  divided  into  three 
branches,  viz : — 

1.  Soroban-calculation  and  Mental  calculation. 

2.  Ordinary  Arithmetic, 

3.  Commercial  Arithmetic. 

And  in  that  case,  the  syllabuses  of  these  subjects  in 
the  Commercial  Schools  of  Class  A  are  gone  througli  briefly. 

Examinations. 

Tliere  are  three  kinds  of  examinations  : — 

1.  Annual  examination, 

2.  Term  examination, 

3.  Occasional  examination. 

Some  schools  hold  all  the  thi'ee  examinations,  some  the 
first  and  tlie  second  only,  while  others  the  first  and  the 
third  only. 

Besides  the  marks  obtained  from  these  examinations, 
daily  marks  are  taken  from  daily  exercises. 

The  annual  mark  which  decides  the  x^romotion  or  gradua- 
tion is  based  on  all  of  these  mai-ks. 

Methods  of  Teaching. 

Text  books  being  used,  the  method  of  teaching  is  similar 
to  that  in  the  Middle  Schools,  excepting  ( i )  much  stress  is 
laid  on  tlie  practice  of  calcuLxtions  (mental,  sorohan  and 
written),  ( ii )  applications  and  examples  relating  to  com- 
merce are  given  profusely,  and  (iii)  special  attention  is 
paid  to  the  following  jwints  : — 

Commercial  usages. 

Correct  and  concise  statement  of  a'."counts. 
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Ready  application  of  mathematical  notions. 

Quick  understanding,  logical  reasoning,  exact  and  clear 

tliinking. 
Good    habits   such    as  the    keeping  of    tilings    in    an 
orderly  manner. 
Generality,    tlie    folk)wing    niodels    and    instruments    are 
made  use  of  : — 

Models  of  geometrical  figures, 
Scales,  weighing  macliines, 

Japanese  measures,  metric  measures,  English  measm^es, 
&c; 
and  in  some  schools  calculating  machines. 


Preparation  of  Teachers. 

For  the  preparation  of  commercial  teachers,  there  is  a 
special  organization  called  the  Commercial  Teachers'  Training 
Institute  (Shogi/o  Jtyoin  Yyoseyo)  in  connection  with  tlie 
Tokyo  Commercial  College.  The  course  of  study  covering 
four  3'ears,  is  nearly  the  same  as  that  of  tlie  College  and 
is  as  follows  : — 

No.  of  Lours  per  week. 


1. 

Commercial  Ethics 

1st 
year 
.     1 

2nd 

year 

1 

3rd 

year 

1 

4th 

year 

1 

2. 

3. 

4. 

Japanese  Penmanship 
Japanese  Composition 
Mathematics 

.     1 

.   2 

.    3 

1 
2 

3 

1 

5. 

Commercial  Geogi-ajihy 

2 

2 

G. 
7. 
8. 
9. 
10. 

Commercial  History    .  . 
Book-Keei:)ing 
Applied  Physics 
Applied  Chemisti-y 
Mechanical  Engineering 

.    3 
.    1 
.   3 

2 
1 

2 

3 

1 

11. 

First  principles  of  Law 

.   2 

12. 

First  principles  of  Economics  . 

.    1 

13. 

Commercial  Products  .  . 

3 
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14.  Economics 3         3         3 

15.  Finance         2 

IG.     Statistics       1 

17.  Private  Law        3  3  4 

18.  (Constitutional  Law     2 

19.  English         9  6  6  6 

20.  Commercial  Science 2  7 

21.  Commercial  Practice 9 

22.  Pedagogics  &  Methods  of  Teacliing  1  1 

23.  Psychology  &  Logic 1  1 

24.  Gymnastics .3  3  2 

Total  No.  of  Hom-s  per  week  .  .30  30  31  33 

The  conditions  for  admission  are  the  same  as  for  tlie 
Tokio  Commercial  College,  except  that  the  Normal  Schools 
a.i-e  added  to  the  schools  whose  gi-adiiates  are  entitled  to  sit 
for  the  entrance  examinations. 

The  syllabus  of  matliematics  is  exactly  the  same  as  tliat 
of  the  above  College. 

Though  this  institute  can  not  l3e  looked  upon  as  strictly 
an  organization  for  providing  teachei's  of  commercial 
arithmetic,  some  of  the  graduates  of  this  institiite  may  be 
i'hosen  for  tlie  positions  as  teachers  of  mathematics  in  the 
Commercial  Schools. 


SECOND  PART. 

MODERN  TENDF^CIES  OF  THE  TEACHING  OF 
MATHEMATICS  IN  COMMERCIAL 
COLLEGES  AND  SCHOOLS. 

Modern  Ideas  Concerning  the  Organization  of 
Commercial  Schools. 

According  to  circumstances,  people  nia,y  enter  npon  a 
business  career  at  any  stage  of  tlieir  existence,  and  at 
any  period  of  their  education.  In  most  of  the  large  cities, 
besides  many  regvilar  schools  of  commerce,  there  are  a 
num])er  of  eA'ening  scliools  and  even  morning  schools,  wliicli 
ai'e  attended  by  eager  pei'sons  wlio  are  free  only  liefore  or 
after  the  usual  business  liours.  In  sucli  schools,  there  sit, 
side  by  side,  boys  of  say  13  years  of  age  and  adults  of 
30  years  or  more.  If  a  lx)y,  having  left  the  elementary 
school,  enters  into  a  supplementary  commercial  school  for  one 
year,  he  receives  only  (jne  yeai''s  instruction  in  commerce, 
wliile  if  he  begins  liis  studies  in  the  x)i'Gparatory  course  of 
a  commercial  school  of  Class  A  and  continues  them  until 
graduation  in  the  professional  course  of  tlie  Tokio  Com- 
mercial College,  he  spends  12  yeai's  in  study.  Between 
these  two  extremes  we  have  courses  of  every  length,  namely  ; 
1}  years,  2  yeai-s,  2|  years,  etc.  And  even  courses  cover- 
ing the  same  number  of  yeai's  niiiy  be  different  in  tlie 
different  sch(K)ls.  Hence,  as  mentioned  in  tlie  lii'st  part  of 
this  paper,  numerous  types  of  commercial  schools  have  come 
into  existence  —  wliich  may  l)e  looked  upon  as  the  em- 
iMxliment  of  modern  ideas  concerning  the  (Wganization  of 
commercial  education. 
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Modern  Tendencies  Concerning  the  Aim  and  the 
Material  of  Instruction. 

The  application  of  mathematics  to  commerce  lias  been 
greatly  extended  of  late ;  and  moreover,  it  is  found  that 
mental  training  in  mathematics  should  be  made  really 
effective  in  its  results,  people  having  experienced  many 
grave  consequences  which  must  lie  attributed  to  their  lack 
of  the  mathematical  sense. 

Thus  the  subject-matter  of  mathematical  courses  liaving 
been  increased  l:)otli  in  tlieii'  extent  and  depth,  serious  at- 
tention must  be  given  to  the  economical  use  of  time  allotted 
to  the  courses.  But  in  rearranging  or  amalgamating  the 
subjects  for  this  i^m-pose,  careful  deliberation  should  be  ap- 
plied lest  their  essential  character  l)e  impaired. 

The  separation  of  arithmetic  and  algebra  "which  had 
long  lieen  looked  upon  as  inconvenient  by  many  educators 
may  be  considered  to  have  been  dismissed  de  facto,  though 
not  formally,  by  the  regulations  pertaining  to  the  syllabus 
of  study  in  the  Middle  Schools  issued  by  the  Depai'tment 
of  Education  a  few  months  ago,  in  which  the  advanced 
j)art  of  arithmetic  is  combined  with  algel)ra.  This  change 
has  extended  tlie  subject  and  the  meaning  of  elementary 
algebra  in  the  Japanese  educational  nomenclature,  and  as  a 
matter  of  course,  it  will  exert  some  influence  on  the 
mathematical  course  in  the  Commercial  Scliools  of  Glass  A. 

Examinations. 

Although  examinations  can  not  be  taken  as  showing  tlie 
real  attainment  of  students,  the.y  are  still  conA-enient  means^ 
of  obtaining  some  idea  of  theiv  ]iroficiency.  They  serve, 
moreover,  as  a  means  for  making  the  pupils  more  diligent, 
and  for  giving  them  a  good  opportunity  to  summarize  all 
the  subjects  pre^'iously  studied. 

Under    such    considerations,     the    marks    obtained    from 
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examination  papeivi,  in  almost  every  school,  are  coml)ine(l 
with  the  daily  marks  in  order  to  j?et  the  annual  marks,  in 
such  a  way  that  tlu^  daily  marks  count  for  ahont  one- 
half. 

Methods  of  Teaching. 

In  the  wliole  mathematical  course,  it  is  not  only  neces- 
sary to  make  the  different  sul)jects  hjii'monize,  but 
also  to  use  to  advantage  the  knowledge  obtained  in  otlier 
com-ses. 

Thus,  care  should  be  taken  primarily  to  keep  the  mathe- 
matical course  in  close  toucli  with  kindred  ones,  such  as 
book-keeping,  accountancy,  commercial  science  and  com- 
mercial practice ;  also,  to  a  certain  extent,  Avith  lessons  on 
commercial  products,  physics,  chemistry,  economics,  statistics, 
etc. 

Invoicing  or  bilhng  is  one  of  the  subjects  to  be  par- 
ticularly emphasized  in  commercial  arithmetic.  Even  in  the 
lowest  class,  the  drafting  out  of  simple  invoices  is  a  good 
exercise,  and  in  advanced  classes,  this  may  be  extended  to 
the  working  out  of  more  complicated  commercial  calcula- 
tions. Hence,  as  an  effective  method  of  teaching  com- 
mercial arithmetic,  the  making  out  of  invoices  and  other 
documents  by  pupils  themselves  may  well  deserve  the  sx^ecial 
attention  of  teachers. 

One  of  the  causes  for  the  dislike  of  mathematical  subjects 
on  the  part  of  some  pupils,  is  the  fact  that  they  consider 
calculations  to  be  hard  work.  In  order  to  remove  this  im- 
pression it  wiU  be  advisable,  first  of  all,  to  assist  their 
progress  so  as  to  render  the  work  easy  for  them. 

It  has  been  suggested  by  some  experts,  that  in  order  to 
stimulate  practice  in  calculations,  a  competitive  meeting 
should  be  held  once  or  twice  a  ye^ir.  Good  results  may  bo 
expected,  provided  all  the  boys  in  the  class,  or  at  least  a 
majority  of  them,  take  part  in  it. 
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Relations  Between  Commercial  Arithmetic  and 
Other  Branches  of  Mathematics. 

The  rebitioDS  of  the  different  snlijects  of  commercial 
arithmetic  (or  mathematics)  to  the  various  parts  of  the  other 
branches  of  mathematics  are  of  very  complex  natm-e ;  if  they 
m'e  examined  minutely,  various  degrees  of  relationship  would 
be  found,  so  that  some  have  a  high  degree  of  importance 
whilst  others  are  comparatively  less  important,  and  moreover 
they  ma}'  have  quite  different  values  according  to  the  opinions 
of  instructors.  We  shall  here  try  to  examine  briefl}'  some 
of  the  essential  points. 

Arithmetic  being  the  foundation  of  mathematical  in- 
struction, every  part  of  it  is  used  in  commercial  calcula- 
tions. 

Positive  and  negative  quantities,  the  reduction  of  algebraic 
expressions,  and  the  solution  of  equations  are  of  value  for 
general  culture  as  well  as  for  the  solution  of  mathematical 
problems  generally. 

Geometry  is  valuable  for  the  training  of  logical  reason- 
ing and  for  general  culture. 

Arithmetical  and  geometrical  progressions,  and  logarithms 
are  useful  in  the  solution  of  problems  in  compound  interest, 
annuities  and  instalments. 

Summation  of  series  is  made  use  of  in  advanced  problems 
in  annuities  and  instalments. 

Theory  of  probability  is  used  in  the  solution  of  pro- 
blems in  insurance. 

Graphical  representation  of  functions  is  used  in  the 
illustration  of  economic  theories  and  phenomena. 

Theory  of  equations  is  used  in  finding  rate  of  interest  in 
problems  pertaining  to  annuities  and  instalments. 

Differential  calculus  and  integral  calculus  are  used  in  the 
advanced  parts  in  actuarial  and  statistical  calculations. 

The     relations     of     commercial     arithmetic     to    various 
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brjiuelies  «)f  commercial  scioiiC(;  iuid  tlie  correliition  b(^twcon 
its  parts  are  t<»  obvious  to  ])e  dwelt  upon  furtlier  in  this 
X^aix^r, 

Preparation  of  Teachers. 

For  a  teacher  of  commercial  mathematics  (^r  arithmetic, 
not  only  mathematical  knowledge  and  talents,  l)ut  also 
sufficient  preparation  in  commercial  science  and  transac- 
tions as  well  as  pedagogical  science  and  practice  :a-e  re- 
(juired,  so  that  we  need  a  special  institution  for  each  kind 
of  school  of  commerce.  If  this  be  difficult  to  realize,  either 
of  the  two  following  plans  may  be  suggested. 

( 1 )     Giving    an    additional    preparation  of  study  on  ad- 
vanced branches  of  mathematics  and  pedagogics  to 
those    who    have    received     a     higher    commercial 
education, 
( 2  )     Giving  a  sufficient  knowledge  of  commercial  science 
and    transactions      to     those     who      liave     studied 
mathematics  and  i>edagogics. 
It  may  also  be  remarked  that   there  is    some    possiljility 
of    obtaining    efficient    instructors  by  teachers'  certificate  ex- 
aminations under  proper  regulations ;  but  tliis  means  should 
not  be  looked  upon  as  the  only  source  of  supply. 
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Introductory  Remarks. 

lu  order  to  find  the  mathematical  com'ses  appropriate,  at 
the  present,  to  our  teclmical  schools,  it  is  necessary  that  we 
should  investigate  what  branches  and  snbject-matters  of 
mathematics  are  applied  in  the  study  of  the  other  sciences 
to  be  taught  in  such  schools,  and  how  thej'  are  taught. 

The  Reference  INIatter  consists  of  the  extracts  from  the 
lectures  on  the  other  sulijects,  in  which  mathematics  finds 
its  application.  Wo  have  made  these  extracts,  because  we 
think  it  to  be  the  only  means  by  which  we  may  know  to 
what  extent  and  how  mathematics  is  applied.  They  are 
those  from  the  lectures  given  at  the  Tokio  High  Technical 
School  duriug  the  last  thi'ee  years. 

The  essential  i3art  of  the  present  report  consists  of  the 
Reference  Matter,  as  we  shall  be  able  to  draw  many 
important  conclusions,  if  we  study  them  thoroughl3^  We 
regi'et  that  we  were  not  able  to  discuss  them  in  detail  on 
accomit  of  lack  of  time.  And  for  the  same  reason  we  have 
been  miable  to  pay  sufficient  attention  to  our  way  of 
exposition. 

Wliether  the  lectures  from  which  the  Reference  Matter 
has  been  extracted,  are  the  most  appropriate  for  the  object 
of  the  Teclmical  School,  and  whether  the  present  system  of 
education  is  a  proper  one, — the  questions  which  lead  to  a 
fundamental  investigation  into  the  mathematical  coiu^e 
appropriate  to  the  Technical  School — can  not  be  answered  in 
such  a  short  time  as  was  gi-anted  us.  We  liave  therefore 
assumed  that  the  Reference  Matters  here  given,  are  sufficient 
for  the  object  of  the  Teclmical  School  under  the  present 
system  of  education. 
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Tliis  report  is  divided  into  tlu'ee  x^a-i'ts,  of  which  Part  I 
contains  the  Reference  Matter,  Part  11  the  report  on  the 
mathematical  instruction  in  the  Technical  School  of  Middle 
Grade,  and  Pai't  IH  that  of  the  Higli  Technical  School. 
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PART    I. 

Reference  Matti^us. 

CHAPTEK    T. 

Applicatidn  of  the  Four  llnles  of  Algelira. 

1.  Sj'stera  in  wliicli  each  rope  lias  one  end  fixed,  passes 
round  a  pulley,  mid  is  fastened  to  the  preceding  one 
(geometrical  progression). 

2.  Tractive  resistance  and  effort: — 

(a)     HP  at     uniform  speed  on  level  load. 
{b)     HLP  at     uniform  speed  on  gradient, 
(c)     HP  for     accelerating. 

3.  Sander's  formula  and  Wellington's  formula  in 
Ai'chitecture  (work). 

4.  Quantity'  of  raw  materials  lifted  up  -pev  minute  by 
the  elevator  and  creeper  (volume  of  cylinder). 

5.  Oil  testing  machine  (friction,  condition  of  equilibrium 
of  forces,  ti'igonometrical  function). 

6.  Buckton  machine  for  testing  tensile  and  compressive 
strength  (theorem  of  lever). 

7.  Lnpact  testing  machine  (work). 

8.  Tractive  effort  of  an  engine  (work,  friction,  perimeter 
of  circle,  volume  of  cylinder). 

9.  Strength  of  boiler  shell  (areas  of  rectangle  and 
circle). 

10.  Relative  ^'olume  of  steam  (density  of  gas,  Cliarles' 
law). 

11.  Hoi-se  ix)wer  of  a  steam  engine  (volume  of 
cyhnder). 

12.  Babcock's  emj)irical  formula  for  the  determination 
of  size  of  pipe  (an  example  for  calculation  of  number). 
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13.  Pucking    ring    (comi^csition    of     force,    moment    of 

force,  area  of  rectangle)  : — 

3  /         ^ 
To  j)rove  t  =  t^   .  /  sin^ — ,  ^yllere  t^  is  tlie  tliickness  of  the 

thickest  pai't  and  t  that  of  any  paii  C)f  the  ring. 

14.  Diameter  of  piston  rod  (area  of  circle). 

15.  Velocity  ratio  of  crank  and  connecting  rod,  and 
determination  of  pressm-o  on  the  cross  head  ]}h\  (resolntion 
of  velocitj",  similar  triangles,  ti"igono metrical  function). 

16.  Inertia  of  the  reciprocating  j^art  in  a  steam  engine 
(centrifugal  force). 

17.  Pendulum  governor  (centrifugnl  force,  condition  of 
equilibrium  of  forces,  i)erimeter  of  circle). 

18.  Safety  valves  : — 

{o)     Lever  safety  valve. 

(h)     Dead  weight  safety  valve. 

(c)     Spring  safety  A^alve. 

19.  Depreciation  (interest). 

20.  Jaw  crusher  (friction,  x^erimeter  of  circle,  resolution 
of  force,  ti'igonometrical  function). 

21.  Brake  dynamometer  (friction,   perimeter  of  circle). 

22.  Centiifugal  dryer  (perimeter  of  circle). 

23.  Cutting  hoi-se  i^ower  in  Theory  of  Cut. 

24.  Licrease  of  tem^jerature  of  material  when  all  the 
cutting  work  done  by  a  cutter  during  the  interval  required 
to  ti-avel  a  certain  length  of  tlie  material  is  converted  into 
heat  (the  first  law  of  thermodynamics,  sx)ecific  heat). 

25.  Definition  of  shearing  strain  (radian). 

2G.  Stress  due  to  temperature  (linear  expansion  l)y 
heat). 

27.  Ultimate  shearing  stress,  etc.  (number). 

28.  Height  of  pin  head  and  diameter  of  neck  (area  of 
circle,  area  of  cylinder). 

29.  Number  of  bolts  corresponding  to  the  total  pressure 
upon  the  cover  of  a  x^ipe  (area  of  circle). 
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30.  Stress  at  a  point  on  a  cross  section  of  a  beam  is 
propoiiional  to  tlie  distance  of  the  point  from  the  neutral 
axis  (rectangle,  parallelogram,  ti'apezoid,  similar  triangles). 

31.  Shaft  for  the  transmission  of  xwwer  (work,  perimeter 
of  circle). 

32.  Angle  of  twist  in  round  shaft  (radian). 

33.  Stress  of  wire  rope  (area  of  circle). 

34.  Sh'ength  of  draught  of  chimney  (Charles'  law, 
variation). 

35.  Sectional  area  of  chimney  (Tonicelli's  law,  volume 
of  cylinder). 

36.  Stability  of  cliimney  (condition  of  equilibrium  of 
forces,  trigonometrical  fimction). 

37.  Power  of  water  wheel. 

38.  Pump  (theorem  of  lever,  volume  of  cylinder). 

39.  Suction  and  delivery  pipes  (TomcelK's  law,  volume 
of  cylinder). 

40.  Centrifugal  pump  (Torricelli's  law,  perimeter  of 
circle,  volume  of  cylinder). 

41.  Effective  head  and  lost  head  energy,  Torricelli's 
law). 

42.  Fluid  friction  (variation). 

43.  Circular  conduit  partly  full  (perimeter  of  circle, 
areas  of  triangle,  sector  and  circle,  radian,  inverse  trigono- 
metrical function). 

44.  Barrel  or  tank  calorimeter. 

45.  Heat  quantity  produced  from  fuel  (calorimetry). 

46.  Calculation  of  the  number  of  interlacing  in  Tech- 
nology of  Textile  Design  (coml)ination). 

47.  Ohm's  law  (variation). 

48.  Energy  loss  due  to  electric  resistance  (variation). 

49.  Kelatiou  between  the  flux  and  reluctance  in  a 
magnetic  circuit  (variation). 

50.  Specific  resistance,  conductivity,  reluctivity,  per- 
meability (variation). 
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51.  llelation  between  the  iuducecl  electro-motive  force 
and  magnetic  lines  of  force  (^'ariation). 

52.  Efficiency  of  dynamo  (percentage). 

53.  Formula  with  respect  to  a  lamp. 

54.  Life  of  electric  lamp  (percentage). 

55.  Empirical  formula  showing  the  r(3lation  between  the 
strength  of  current  passing  through  a  conductor  and  its 
sectional  area,  the  maximum  rise  in  temperature  being  given 
(an  example  for  calculation  of  number). 

56.  Weight  of  wive  is  inversely  projportional  to  the 
square  of  voltage. 

57.  llelation  between  strength  of  cuiTent  and  voltage, 
voltage  and  number  of  turn  in  a  transformer. 

58.  Formula  with  respect  to  conductor  size. 

59.  Calculation  of  the  out  put  corresponding  to  given 
number  of  cars. 

60.  Calculation  of  size  of  trolley  "\\'ire  (arithmetical 
progression). 

CHAPTER    II. 

Application  of  Elementary  Mathematics 
to  Mechanism  and  Drawing. 

Elementary  mathematics  are  applied  to  the  following 
problems  on  Mechanism  : — 

Double  point  or  centime  of  similitude. 

Crank  and  rocker  (lever  crank). 

Relation  between  crank  angle  and  displacement  of  cross 
head. 

Inversion  of  double  cross  slider  crank  chain  mechanism. 

Peaucellier's  sti'aight  line  motion. 

Hart's  straight  line  motion. 

Bricard's  straight  lino  niotion. 

Approximate  straight  lino  motion. 

Pantograph. 
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Length  of  belt  (crossed  belt,  oj^en  lielt). 

Cord  frictiou. 

And  elementary  mathematical  problems  used  to  ti'eat 
them  are  as  follows : — 

In  Algebra — Factorisation.  Index.  Proportion.  Variation. 
Binomial  theorem  with  any  index. 

Li  Geometry — Congraency  of  triangles.  Relation  between 
the  sides  and  angles  of  a  triangle.  Isosceles  triangle. 
Parallelogi'am  and  Rhombus.  Proportion.  Similar 
figm-es.     Locus. 

Li  Trigonometry — Radian,  sin  6* -^  6*.  Some  fundamental 
formulae.     Common  and  natm'al  logarithms. 

Elementary  mathematics  are  applied  to  the  following 
problems  on  Drawing : — 

To  find  the  length  of  a  limited  sti'aight  line  and  angles 
between  the  line  and  two  planes  of  projection. 

To  draw  a  straight  line  through  a  given  point  and 
parallel  to  a  given  sti-aight  line. 

To  draw  a  perpendicular  from  a  given  point  to  a  given 
plane. 

To  draw  a  j)lane  passing  through  three  given  points. 

To  find  the  angle  between  two  planes. 

To  find  one  of  the  projections  of  a  point  wliich  lies  on 
a  given  plane,  the  otlier  Ijeing  given. 

To  find  the  intersecting  point  of  a  straight  line  and  a 
plane. 

To  di-aw  a  x^lii-ii©  tlu'ough  a  given  point  and  x^erpendicular 
to  a  given  straight  line. 

To  find  the  angle  between  two  straight  lines. 

To  draw  a  straight  line  whose  length  is  equal  to  a 
circular  arc. 

To  draw  a  circular  arc  whose  length  is  equal  to  a  given 
straight  line. 

To  draw  regiilar  polygons,  one  side  being  given. 

To  draw  an  involute  of  a  given  circle. 
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To  draw  cycloids. 

And    elementary    mathematical    problems    used    to    treat 

them  are  as  follows  : 

There  is  only  one  sti'aiglit  line  passing  through  two  given 
points. 

There  is  only  one  straight  line  passing  tln-ough  a  given 
point  and  parallel  to  a  given  straight  line. 

Pythagoras'  theorem.     Similarity  of  x^lane  JBgures. 

There  is  only  one  plane  passing  through  three  points 
which  do  not  lie  on  a  straight  line. 

Tlie  intersection  of  two  planes  is  a  straight  line. 

Tliere  is  only  one  i^lane  containing  two  intersecting  lines. 

If  there  are  two  planes  x>arallel  to  a  given  straight  line, 
then  their  intersection  is  a  straight  line  parallel  to  the 
given  straight  line. 


CHAPTER    m. 

Application  of  Analytical  Geometry. 
Graphical    Representation   of   the   relation    between    two 
Physical  Quantities. 

1.  Displacement  and  time  in  a  simjale  harmonic  motion. 

2.  Variable  speed  and  time  in  a  motion  of  a    j)^i'^icle. 

3.  Path  of  a  particle  with    constant    acceleration   and  a 
certain  initial  velocity. 

4.  Strain-diagram. 

5.  Cutting  stress  and  cutting  angle. 

6.  Discliarge  curve  in  Hydraulics. 

7.  Oval  diagi-am  and  harmonic  diagram. 

8.  Terax^erature  and  boiler  pressure,  draught,  feed  water 
etc. 

9.  Isothermals  and  adiabatics. 

10.  Indicator  diagram. 

11.  Entropy-temperature  diagi'am. 
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12.  Solubility  curve  in  Physico-cliemistry. 

13.  Luniinosit}'  curve,  jibsorption  ciu've  iu  Colour  Mixing 
and  Colom-  Matching. 

14.  Voltage  of  a  secondary  battery  and  time ;  the 
density  of  electrtjl^'te  and  voltage ;  voltage  and  teraperatiu'e ; 
concentration  of  electrolyte  and  its  electric  resistance  and 
temperature 

15.  Elective  resistance  and  temperatm'e. 

16.  Hj'steresis  curve. 

17.  Thermo-electric  curve. 

IS.     Thermo-electric  i^ower  and  temperature. 

19.  Instantaneous   induced  E.M.F.  and  time  ((3  =  E  sinw^). 

20.  Probability  curve. 

Equation  of  a  Plane  Curve,  and  Geometical 
Pn^pei'ties  of  Conies. 

21.  Determination  of  the  path  of  a  projectile. 

22.  Equations  of  bending  moment  and  shearing  force. 

23.  Stress  figiu'e. 

24.  Inversion  of  doul^le  cross  slider  crank  chain 
mechanism  (equation  of  elHpse  and  the  relations  between 
the  rectangular  and  polar  co-ordinates). 

25.  Explanation  of  the  elliptic  toothed  wheel  (geometrical 
properties  of  an  ellipse). 

26.  Revolving  fluid  in  Hydraulics  (equation  of  a  parabola 
and  its  gamietrical  properties). 

27.  Calculation  of  the  discharged  quantity  of  water  from 
a  circular  orifice  in  Hydraulics  (equation  of  circle  and  the 
relation  between  the  rectangular  and  polar  co-ordinates). 

28.  Calculation  of  the  time  of  emptying  a  semi-spherical 
vessel  when  water  discliarges  from  the  bottom  (equation  of 
circle). 

29.  To  express  that  a  plane  curve  obtained  by  the  experi- 
ment is  an  algebraic  equation,  e.g.  If  the  relation  between  the 
linear  expansion  by  heat  or  electric  resistance  of  a  substance 
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and  temperature  is  expressed  by  a  straight  line,  its  equation 
takes  the  form  ?/  -  a  (1  -f-  hx),  or  thermo-electric  curve  is 
shown  by  the  equation  of  a  parabola. 

30.  Boyle's  law  (equation  of  hyperbola). 

31.  To  prove  the  wave  front  after  reflection  by  a 
parabolic  mirror  is  a  i)lane,  incident  rays  being  parallel 
to  the  axis  (geometrical  x^roperty  of  parabola). 

32.  Li  cases  where  we  prove  that  the  two  ix)lars  of  a 
j)oint  on  the  boundary  of  an  icelandspar  and  air  witli 
respect  to  the  ellii)se  and  circle  on  a  cross  section  of  the 
wave  surface  coincide. 

33.  Equation  of  the  second  degree  shewing  the  characte- 
ristic of  an  alternator  represents  an  ellipse. 

34.  Length  of  transmission  line,  whose  span  and  sag 
are  given  (equation  of  parabola.) 

35.  Power  of  motor  and  generator  connected  together  in 
series  (equation  of  hyperbola  0.77  =  constant). 

36.  Ill  Drawing,  meaning  of  the  locus  of  a  point  is 
frequently  used. 

37.  In  Drawing,  construction  of  a)  Ellipse. 

h)  Parabola. 

c)  Rectangular  hyperliola. 

Equation  of  a  Plane.     Co-ordinates  of  a  Point. 
Definitions  of  Some  Surfaces  and  Space  Cm^ves. 

38.  To  j)rovo  that  the  magnitude  of  j^i'essure  at  a  point 
in  liquid  is  independent  of  the  direction  of  the  x)lane  on 
which  the  pressm-e  acts  (equation  of  a  plane,  and  relation 
between  direction  cosines). 

39.  Fmidamental  formulae  in  Spherical  Trigonometiy 
(relations  between  the  rectangular  and  polar  co-ordinates). 

40.  Composition  and  resolution  of  vectors. 

41.  In  Drawing,  the  definitions  of  the  following  terms 
are  given : 

Helix,  Ellii^soid,  Hyperboloid,  Paraboloid,  Sphere  etc. 


TECHNICAL  SCHOOLS  AND  COLLEGES.  H 

CHAPTELl    1\. 

Application  of  Difforcnti;!l,  Integral  Calculus  and 
Differential  Equation. 
The  Meaning  of  Diflerential,   Differential  Coefficient  and 
Integral.     Properties  of  an  Integral. 

1.  Centre  of  gravitj'. 

2.  Moment  of  inertia. 

3.  Pressure  at  a  point  in  liquid. 

4.  Principle  of  Ai'cliimedes. 

5.  Elementarj^  volume  of  liquid  wliich  floAvs  tlnougli  an 
elementary  area  dA  at  a  ix)int  in  df,  dQ=Vfiui0»dA*df, 
where  V  denotes  velocity  and  6  the  inclination  of  dA  to 
the  sti'eani.  line  x>assing  tlu'ough  the  x^oint. 

6.  ToiTicelli's  law. 

7.  Bernoulli's  theorem. 

8.  Discharge  cur^'e  in  Hj'draulics    (geometi'ical  meaning 

of    lydx). 

9.  Total  vertical  component  of  the  x)r^s*^^^i'6  upon  a 
boiler  shell   ( /^r  fsin^/fZ^). 

10.  Work  done  hj  gas   (geometrical  meaning  of  lydx). 

11.  Heat    quantity    determined    bj'    means    of    entropy- 
temperature   diagram  (geometrical  meaning  of  lydx). 

12.  Acceleration  in  the   motion  of  crank  and    connecting 

SdV       (       ^    cos2e\d(^l 

rod  =«(  cos  6-\ —  . 

Idt         \  b     Jdfj 

13.  Probability  curve   (geometrical  meaning  of  lydx). 

Derived  Functions.     Differential  Equations 
and  their  Solutions. 

14.  Pressure    due    to    head     upon    an     elementarj'    area 
immersed  in  liquid. 
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15.  Pressure    on    a    vertical    plane    and    its    moment    in 
Hydraulics. 

16.  Bernoulli's  theorem. 

17.  Cliange  of  pressure    along   the    normal   at  a  point  on 
a  stream  line 

wv"'  _dp 
ijr   ~dr' 

18.  Time  of  liquid  emptying  a  vessel,  an  orifice  Ijeing  at 
the  side  or  bottom  of  the  vessel : 

dQ= Ady,     d Q-a  {c^ •  v)  dt 
—  Ady=Co-nv.dt 

Go'a^''2g^f__dji_ 
A  Vy 

19.  Time  of  liquid  emptying  a  hemi-spherical  vessel,    an 

orifice  being  at  the  bottom  (dy  —  — zr—dx)^ 

\         <iVx  ^ 

20.  Discharged    quantity    of    water    which    flows    from   a 
vertical  orifice : — 

{a)  Rectangular  orifice  {dy=avxxdx). 

(J))  Circular  orifice  {dy  =  osin^^(l  —  hcosO  —  cos'i^  —  . .  )d6) 

(c)  Triangular  orifice  {dy=a(b—x)vxdx). 

21.  In  a  tube  whose  surface    is  bounded  by  stream  lines 
of  water, 

P    V^ 

icdij-\-dp-rzw — • »dl  =  Q,    where    |^  denotes    coefficient 

A    2(j 

due  to  friction,    A  cross    section  of  the  pipe,  B  perimeter  of 

the  pipe,  and  I  length  of  the  pipe. 

22.  Relation    lietween    the    cross    sectional  area  of  water 


com*se  and  its  gradient  ( 


/Jh         J  A  \ 
\h  A  ) 


23.     Cord  friction  iady  =  —  )• 


24.     Maximum   cutting  force   and   its   moment   of  a  twist 
drill  (dy  =  adx.     dy  =  hxdx). 
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25.  Work  done  hy  a  plane  milling  cwHqy  ((J)j  =  am\xdx). 

26.  Distrilnition  of  load  and  relative  motion  lietM'eeu  tlio 
shaft  and  its  supixirt  (di/=a  cos-xdx). 

27.  Work  of  elongation  or  resilience  {d/j  =  ax(Ix). 

28.  Stress     on     the     inner      sui-face     of     thick     cylinder 
(xdy + 2ydx — 2adx) . 

29.  Moment  of  inertia  and  theorem  about  it. 

30.  Kelation  between   the   bending   moment   and   vertical 

1          d3I     ,r 
shear  : =  /  . 

dx 

31.  Sti-ess  figure  (Ave  find  some  application  of  moment  of 

inertia). 

32.  Differential  equation  of  elastic  curve. 

33.  Deflection  of  cantilever  beams  : — 
(«)     A  load  at  end 

M=-Px=  EfE]L. 

dx- 

(l))     Uniform  load 

2I=-Lwx^  =  El'ElL. 
2  doc" 

Deflection  of  simple  beams  : — • 

(«)     A  single  load  at  the  middle 

2  doc' 

(h)     Uniform  load 

ji=!!^x-!!Lx'=Ei'^. 

2         2  dx- 

34.  Elongation  of  a  spiral  spring  ((J)/  =  adx). 

35.  Euler's  formula  for  a  long  column. 


36.     Tension  of  a  thick  pipe  (dy  =  a  __  ] 


J 

dx\ 


37.  Crusliing  force  of  a  jaw  crusher|(^^=  a  —  j 

38.  In  Thermodynamics  : 
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dT    .   ,        .^    dV 


-+fr-i).-=a 


dT 
~T 


-(•Czl).-.o, 


dP        ilV  _^ 
P       '   V       ' 

wliere  ;-  is  tlie  ratio  of   specific  heats. 

29.     Work  done  by  a  gas    during   its    isotliermal    change 


/  7         dx\ 

^  X  J 


40.     Work    done    bj    a    gas    during    its    adiabatic  change 


41.  When  wet  steam  is  made  from  water  at  the 
temperature  T^^  the  entropy 

,,^f'dh  ^q,T,__f^dT       q,T, 
Jr     T        T,      J^      T    '^    T/ 

42.  To  find  tlie  condensing  surface  of  a  surface  condenser 

(dx=a.     a{y-\'l})dx=cdy). 

43.  Li  a  steam  tm'bine,  the  liorizontal  and  vertical 
comj)onents  of  the  centrifugal  force  wliicli  steam  along  the 
vane  undergoes  {dx=a^m.ad^j.     (hj—aco^ada). 

44.  In  Phj'sico-chemistry,  the  relation  between  the 
reaction  constant  and  temperature  is  shown  by  the  follow- 
ing equation, 

^-^  =  —  — ^  ,     where  Ic  denotes  reaction  constant, 

dT  2r- 

T  absolute  temperature,  and  Q  heat  of  reaction. 

45.  Velocity  of  a  solution. 

46.  Li  Electro-chemistry,  Helmliolz's  formula. 

47.  Relation  between  induced  electro-motive  force  and  tlie 
rate  of  cliange  of  flux  is  expressed  by  the  following 
equation : — 


tlie 


TECHNICAL  SCHOOLS  AND  COLLEGES.         15 

df  ' 
If    N=(pcoiiiui,    tlieu    the    average    i)ower    lost    by    the 
rotation  of  a  coil 

]l  [\  .L\  sin- {(of)(I{(ut)- — r,    where   r   denotes 
TT  Jo  2 

resistance  of  the  coil. 

48.     Induced     electro- motive    force    due    to    self-induction 

In  a  circuit  with  ohmic  resistance  JR, 

at 

The  electric  energy  given  to  the  circuit  in  dt  is 

Eldt  =  rBdt  +  Li—dt. 
dt 

d  i 
Li dt  is  accumulated  in  the  circuit.     Tlie  total  energy 

dt 
accumulated  until  the  strength  of  ciuTent  becomes  from  l  to  I 


L 


Lidi=  —  I-. 
2 


0 

When  a  circuit  whose  strength  of  current  is  I  is  broken, 

dt 


and  the  energy  lost 


f 

J  0 


i'Bdt=Hl. 


And      we      can      find      from       derived      functions      of 
i=jjll—e    ^     I  andi  =  Je    ^      how  change  of   stiength  of 

current  i  takes  place  according  as  time  elapses. 

49.  Electro-motive    force    in    a    circuit    in    the   preceding 
article,  the  cuiTent  being  i^Isinwt. 

50.  Induced    electro-motive    force    in    a    coil    due    to    the 
current  of  another  coil. 
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dt 

In  the  first  coil,  E,  —  L,'     ^—3I'—=BA,,     and     in     the 

df  dt 

second  E.  -  L./h  -  M^Ih  =  RJ,. 

-        -dt  dt 

51.  Relation  between  the  cmrent  and  electro-moti^'e 
force  of  a  condenser 

.     dq      ri  dc 
dt  dt 

And  to  apply  this  relation  for  the  cases  c=F'f^\\\cot  and 
i  =  /sin  cot. 

52.  Calcnlation  of  the  power  loss  due  to  eddj'  cuiTent  in 
sheet  iron  of  a  transformer  [dy  =  ax-dx). 

53.  Magnetic  flux  in  a  conductor  (ch/  =  axdx). 

54.  In  the  Theory  of  Alternating  Cm'rent,  when  a  motor 
and  generator  are  connected  together  in  series,  it  is  found 
the  change  of  their  powers  according  as  the  variation  of  the 
phase  difference  of  their  electro-motive  forces  by  differentiat- 
ing the  following  functions 

y\(x)  =  a-\-b  cos(c  —  x), 

fj^x)  =  a'  cosa;  —  b'. 

55.  From  the  fundamental  equation  about  generator  and 
synclironous  motor,  it  is  found  by  differentiating  it  the 
change  in  cmTent  according  to  the  change  of  the  electro- 
motive forces  of  generator  and  synchronous  motor,  and 
maximum  and  mmimum  of  cmi-ent  can  also  be  found. 

56.  When  two  alternating  current  generators  are  in  series, 
of  which  if  the  electro- motive  force  of  one  generator  is  equal 
to  E  s,in  (lut -j- o)  and  the  other  E  sin  {ict  —  o),  then 

L —  +  lii  =  2E  sin  ict  cos  a. 
dt 
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And  ill  tlio  Cii9,e  of  purallcl  running  oJ'  alternators, 

L^  +  ru  -  F  sin  {ivf  -  a)  -  [^/-^^^  +  ^^(^1  +  Q]  • 

57.  Determination    of    tlio    equation    of    the    probability 

ClTTVe. 

58.  List    of    differential    equations,    wliose    solutions    ai'e 
required  in  the  foregoing  subject-matters  : 

(1)  ^^=.. 

ax 

(2)     ^  =  ax. 
'     dx 

(  B  )     adx  +  My  -f-  cdz  =  0.     axdx  -\-  hdy  -\-  dz  =  0. 

dy         /  — 

do: 

.  (-  ,     dy      (I  dii        a 

(5)     -^  =  —  •^- 


dx      X  dx     x  —  b 

(6  J     -•i  =  «a.". 

(7)  ^=ii 

(8)  ^=ii. 
dx     x^ 

(9)  ||=«(i-.r)v'^ 

(10)  %  =  aV(b-x){c-x'). 
dy  , — 

(11)  tr^'yy^ 

(12)  d^-^hj^^.         a!k^hy-^c=^0. 

dx  dx 

(13)  'k=a]L. 
dx       X 
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(14) 

(15) 
(16) 

(17j 

(18) 
(19) 
(20; 

(21) 
(22) 

59. 

(1 

(2 
(3 
(4 

(5 
(6 


dii         .  dy 

-±=a  sin  X.     _£ = «  cos  x. 

dx  dx 

dy  9         (??/         .  2 

_£.  z=  a  COS'  X.     -i=a  sm  x. 

dx  dx 

-J. +  hy=c  sin  X. 
dx 

c^^  +  hy=a'  dii{wx  +  a)-\h'  '^iM±ll-^c'{y  +  z)l 
dx  '         dx  i 

«^4-&2=«'sm  hox-a)-\b'  'IiM±^  +  c' (y  +  z)  I. 
dx  ^  '     \         dx  ^-^       '] 

dx 

dx^ 
d'y   ,79    n 
dx^ 

a-J-  +  ia:;"^  ^cx  =  Q. 
da? 

dx^ 
Integration  a,ucl  Change  of  the  Variable 
of  Integration. 
Tlie  followings  occur  in  the  foregoing  subject-matters 

a  lx'"\lx. 


f 

fdx              C  dx 
a\ —  a\ 

J  X  jh  —  x 

C  dx 
J   x"' 

ajx\b—x)dx. 

aj(l)  —  x)vxdx. 

rt  I  sin  adu .  « /  cos  ada . 


TECITNICAL  SCHOOLS  ANP  COLLEGES.  19 

(7)     alcos'-a(h. 

(  8  )     a  /siu  «  sin(«  +  <f)(h., 

(9)     rMsmv>t(l ....)da. 

J  h  b 

(lOj     aj'c-"'<h'. 

(11)     Determination    of    tlie    constant  in   tlie   equation    of 
probability    curve.     Fcjrmulae     for     proljable     and 
mean  errors. 
Differentiation.     Maxima  and  Minima  of  Functions. 
00.     When    energy    is    supplied    to    a    water    wheel     Ijy 
impulse,  the  amount  (jf  it  depends  up:)n   the   velocity  of  the 
wheel,    the    relation    between    energy  />  and    velocity    V  is 
expressed  as  follows  : 

F=a{h-V)V. 
We  can  find  the  value  of   V  for  which  E  is  maximum. 

(11.     Maximum   value  of   the    acceleration   (Art,   12  Chap. 


(IV))- 


62.  To  find  the  maximum  value  of  bending  moment  due 
to  centi'ifugal  force  of  the  connecting  rod  from  the  formula 

Jl=a{hx-X'). 

63.  Determination    of    the    speed    of    a    l)elt    by    whi(Oi 

maximum     power     is     transmitted     [maximum       value       of 

y  =  a(b  —  cx'-)x  j. 

64.  Ai-t.  55  Cliap.  (IV). 

65.  To    cut    a    rectangular    beam     oi    a     timber     whose 
diameter  is  given,    so   that    the    beam    may    ha^'e   maximum 

sti'ength  (maximum  value  of  y=ax(li—x'^)\ 

Q)Q).     Determination  of  maximum  value  of  tangential  stress 
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on     a     cross     section     of     a     beam      (maxiiaiim     value     of 
y=as,inxeosx). 

67.  In  Hydraulics,  to  design  a  channel,  it  is  necessary 
that  its  perimeter  mnst  be  small  and  sectional  area  large, 
since  the  friction  of  water  is  j)i*oportional  to  the  x^erimeter 
and  inversely  projwrtional  to  the  area : — 

{(()     Hectangular  channel  (value    of   x   in  order    that 

il  =  n{l)  —  x)x  ma}'  have  a  maximum  vnluej. 
[h)     Trax)ezoidal     channel    (value   of  x  in  order   that 

y  given  by  the  equation  J--\-ax  —  if'    maj'    have    a 

x 

maximum    value  j. 

68.  Determination  of  the  value  of  a  which  makes 
lW{x.  —  rif  minimum  in  the  Method  of  Least  Squares. 

69.  List  of  functions,  whose  differential  coefficients  are 
necessary  in  the  above  mentioned  subjects : — 

(1)  Eational  integral  f mictions  of  x. 

(2)  Trigonometrical    functions    and  rational     integi'al 
functions  of  them. 

{6)     y=: — \-bx. 

X 

(4)  f{x,ii) - 0]p - Jnj - (X - 0. 

(5)  dQ^d^  +  rdV,  when  <S'=f{T,  V). 


Expansion     of     Functions.     Tracing      of     Curve.     Plane 
CuiTe,  and  others. 

70.     Expansions  of  the  following  functions  : — • 


(a)     y=Vl-x,      /y=z-/l  +  ,r,     _y=log,-/i  +  .^--, 
\       Vl  +  x'/ 
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and   Fourier's   series    in   the  Tlieory   of  Alteniating 
CuiTent). 
[h)     ij  -  ]og„  (1  +  x)  (in  Elcctro-cliemistryj. 

(c'j     ij  =  (iil  —  :—\'  (in  Hydraulics). 

[d]     lleduction    of   observation  equatiojis  to  the  linear 
forms. 

71.  Tracing  of   curves  : — 

{(i)     It    is    uecessar}'   to    trace    the  curve  y  — to 

log,ie 

explain  a  dryer  winch  is  one  of  chemical  inachines. 

(l>)     To  trace  the  following  curves  in    the    Tlieor}^    of 

Alternating  Cm-rent ; 

72.  Definitions  of  the  following  terms  : 

Cycloid,  Epicj'cloid,  Hypocycloid,  Involute  of  a  circle 
(in  Drawing). 

Logarithmic  spiral  (on  tht;  explanati(jn  of  mill  stone). 
Catenary  (on  the  explanation  of  transmission  line  in 
Electrical  Engineering). 

Spiral  curve  and  jjaraholic  curve  (()n  the  explanation 
(;f  curve  of  rail). 

Parabola  of  the  tliird  and  foiu-th  degree  (on  the  explana- 
tion of  the  equation  of  elastic  curve). 

CHAPTER     Y. 

List    of    fragmental    subjects  regarding    the  Elementary 
Mathematics  applied  to  several  articles  mentioned  al)ove. 
In  Arithmetic : — 

(  1  )     Numerical  calculation. 

(  2  )     Percentage. 
In  Alegebra 

(  3  )     Fraction. 
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(4) 

Factorisation. 

(5) 

Equations  of  the  first  degree. 

(6) 

Power  and  index. 

(7) 

Ratio  and  proportion. 

(8) 

Liequality. 

(9) 

Arithmetical    progression    and    geometrical    pro- 

gressioii. 

(10) 

Combination. 

(11) 

Literest. 

(12) 

Maxima  and  minima. 

03) 

Variation. 

(14) 

Limit. 

(15) 

Lifinity. 

(10) 

Binomial  series  witli  any  index  and  approximate 

calculation. 

(17) 

Elimination. 

In  Geometry  : — 

(18) 

Triangle. 

ao) 

Parallel  lines. 

(20) 

Circle. 

(21) 

Ratio  and  proportion. 

(22) 

Similar  triangles  and  figures. 

(23) 

Pythagoras'  theorem. 

(24) 

Areas  of  a  tiiaugle,  rectangle,    circle  and  sector. 

(25) 

Circumference  of  a  circle. 

(26) 

Area  of  a  right  cylinder. 

(27) 

Volume  of  a  parallelopiped,  i^rism,  right  cylinder, 

and  sphere. 

(28) 

Projection. 

(29) 

Locus. 

In  Trigonometry : — 

(30) 

Definitions  of  trigonometrical  functions. 

(31) 

Trigonometrical  functions  and  values  of  them. 

(32) 

Fundameiital  trigonometrical  formulae. 

(33) 

Radian. 
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(34)  tg6'  =  siii6'  =  ^  for  small  angle  6. 

(35)  Natiu'al  and  common  logarithms. 

(36)  Invei*se  trigonometiical  functions. 

(37)  Solution  of  a  trigonometrical  equation. 

(38)  Summation  of  simple  trigonometrical  series. 
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PART    II. 

The  Tech\ic;al  School  of  Middle  Grade. 

CHAPTER    I. 

Aim  of  Teclinical  Scliools  of  jMidclle  Grade. 

Aim  of  these  scliools  is  the  same  as  that  of  High  Tech- 
nical Schools. 

CHAPTER     H. 

Aim  and  Material  of  Mathematical  Instruction. 

1.  Aim.  The  object  of  mathematical  instruction  in  the 
school  is  to  enable  the  students  to  understand  the  lectures 
on  engineering  and  other  like  subjects,  and  also  to  train 
them  in  j)ractical  applications. 

2.  Materials  of  instiiiction.  From  the  Reference  Matter, 
we  see  that  the  branches  of  elementary  mathematics,  pre- 
paratory to  other  sciences,  especially  in  industrial  ones,  are 
as  follows : — 

(1)  Arithmetic. 

(2)  Algebra. 

(3)  Geometry. 

(4)  Trigonometry. 

As  a  graduate  or  one  avIio  lias  the  same  attainments  as 
a  graduate  of  an  elementary  school  is  admitted  to  enter  the 
school,  the  course  of  mathematical  instruction  must  begin 
from  just  the  same  starting  point  as  in  a  middle  school.  In 
addition  to  the  syllabus  of  instruction  in  mathematics  in  a 
middle  school  issued  by  the  Department  of  Education,  it 
will  be  desirable  in  the  tcclmical  schools  to  give  the  follow- 
ing: 
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111  Algebrji : 

(1)  lucqmility. 

(2)  Permutations  uud  combinations. 

(3)  Maxima  and  minima. 
(J:)     Yariation. 

(5)  Limit.     Infinity. 

(6)  Binomial  series  with  any  index. 
In  Geometry  : 

(1)  Value  of  7T. 

(2)  Projection. 
In  Trigonometry : 

(1)  .Radian. 

(2)  i^H^iiind^d  for  small  angle  ^. 

(3)  LiTerse  trigonometrical  functions. 

(4)  Natural  logarithm. 

(5)  Solution  of  trigonometrical  equations. 

(6)  Summation  of  simple  trigonometrical  series. 
The   combination  is  used  only  once  in  the  technology  of 

textile  design  except  the  application  in  the  method  of  least 
squares.  But  the  variation  and  the  binomial  theorem  witli 
an}'  index  have  a  wide  use.  Particularly  the  terms  in  the 
variations  "  two  quantities  vary  in  direct  proportion  or  in 
inverse  proportion  or  a  quantity  varies  as  the  square  of ...  . 
etc."  are  often  used,  so  that  they  should  be  carefully  ex- 
plained, by  giving  actual  examples. 

In  the  theory  of  alternating  carrent,  the  summation 
of  certain  tiigonometrical  series  is  used. 

From  the  Reference  Matter,  it  is  to  be  seen  that  the 
problems  of  arithmetic  which  frequently  occur  are  those  of 
numerical  calculation  and  of  percentage.  The  numerical 
calculations  would  be  of  great  importance  for  students  in 
helping  understandiug  of  problems  and  their  practical  appli- 
cations. Especially  for  engineers,  it  is  very  important  to  be 
skilled  in  numerical  calculations. 

In  teaching  the  problems  of  percentage,  special  attention 
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sliould  be  paid  to  make  tlie  students  fully  understand  tlie 
meaning  of  percentage,  by  giving  actual  examples. 

It  appears  from  the  Keference  Matter  tliat  nearly  all  of 
the  aj)pHcations  of  algebra  are  problems  of  the  four  rules. 
Thus  in  teaching  arithmetic  and  algebra,  special  attention 
must  be  i^aid  to  make  students  familiar  with  api^lications 
of  the  four  rules.  To  become  skillful  in  calculations  of  this 
kind,  a  student  must  go  through  many  exercises.  And  for 
exercises,  we  would  advise  teachers  to  choose  such  problems 
as  are  connected  with  the  Reference  Matter.  This  remark 
also  apx3lies  to  the  High  Technical  School.  A  student  of  a 
High  Technical  School,  asked  us  about  the  solution  of  a 
diiferential  equation,  which  notwithstanding  he  has  already 
learned  in  the  lecture  of  mathematics,  but  it  appeared  to 
liim  to  be  a  new  prol)lem  owing  to  different  notations. 
Mathematical  skill  of  graduates  of  the  High  Technical  School 
is  sufficient  to  understand  the  matliematics  used  in  industrial 
sciences,  but  they  make  often  mistakes  when  instead  of 
symbols  numerical  values  are  given.  These  facts  plainly 
show  that  mathematics  and  their  practical  applications  to 
industry  are  taught  quite  apart.  A  method  of  relieving  such 
defect,  we  think,  is  to  make  students  more  familiar  with  the 
relations  between  mathematics  and  their  apx^Hcations,  by 
giving  them  such  problems  as  are  connected  with  the  Hefer- 
ence  Matter. 

3.  Hours.  Duration  for  instruction  in  the  school  is 
defined  by  the  educational  authorities  to  be  three  or  fom' 
years  and  also  two  years'  preparatory  com'se  may  be 
added. 

In  fact,  many  schools  have  no  ^preparatory  course  at  pre- 
sent, and  instruction  of  tlnee  or  four  years  is  given  according 
to  the  conditions  of  the  place  or  kinds  of  industrial  sciences. 
Last  year  course  has  no  mathematics  at  some  schools,  while 
mathematics  are  taught  throughout  the  comse  at  others. 
Total  number  of  hom-s  for  mathematics  varies  from  200  to  C50. 
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Avcrago  age  of  stndonts  of  the  first  year  being  only 
about  fifteen,  it  ■\\'ill  be  necessarj'  to  teach  mathematics  stei> 
by  step  in  as  long  com'se  as  ]X)ssible,  and  make  the  founda- 
tion for  their  ax)plications  to  industrial  sciences.  On  tlie 
other  hand,  tlie  principal  aim  of  mathematical  instructi<Mi  is 
to  make  students  fully  miderstand  ho^v  mathematics  are 
ai)plied  in  industry ;  hence  it  will  be  preferable  that  the 
course  of  mathematics  "svould  l)e  finished  at  least  one  year 
back  their  graduation.  Thus,  for  a  school  of  four  years, 
mathematical  instruction  should  l)e  held  during  first  three 
years,  and  last  year  left  for  its  practical  applications. 

According  to  the  program  described  in  x^rcceding  article, 
we  will  recommend  the  allotment  of  hours  of  Okayama 
Technical  School  as  an  appropriate  distribution  of  hours  to 
mathematical  branches.  The  course  of  this  school  is  four 
3'ears,  and  there  is  no  mathematics  in  the  highest  class. 
The  allotment  of  hours  is  as  follows  : 


^~~~~~-^.,,,^^^  Class 

1st  year 

2ncl  year 

3rcl  year 

4th  year 

Total 

Arithmetic    .... 

Algebrn, 

Geometry 

Trigonometry  . . 

145 

78 

50 

0 

0 

].5r. 

78 
0 

0 

3y 
3d 

78 

1) 
0 
0 
0 

145 
273 

ir>7 

78 

Totnl 

273 

234 

I5r. 

0 

f>r-3 

From  this  table,  it  seems  that  ratios  of  houi-s  for  arithmetic, 
algebra,  geometry  and  trigonometry  are  as  2  :  3*5  :  2  :  1. 
We  believe,  that  the  liours  for  algebra  are  far  gieater  than 
for  other  branches,  depends  upon  the  fact  that  lessons  to  l:e 
taught  in  that  branch  are  greater  than  others,  find  also  it  is 
ou  account  of  the  fact  that  algebra  is  most  frequently  used 
in  j)ractical  problems  as  shown  in  the  Reference  Matter. 
Hours  for  arithmetic  are  comx)arativel3'  feAS',  l)ecause  tlie 
students  have  already'  learned  it  in  elementary'  school. 
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CHAl'TEll    III. 

Compilation  of  Text  IJooks  find  Examinations, 

If  there  is  no  dogma  on  tlie  method  of  teaching,  the  only 
method  of  teaching  according  to  the  program  described  in 
preceding  section,  we  think,  is  to  rely  upon  text-books.  The 
nse  of  text-books  in  the  school  should  be  more  necessary 
than  in  higher  schools,  if  we  observe  the  difference  of  ages 
as  well  as  attainments  of  students  in  those  schools.  Text- 
books at  i^resent  used  in  the  school  are  those  for  a  middle 
school.  But  it  will  be  better  to  compile  a  text-book  proper 
for  students  of  the  school.  In  respect  to  this  we  have  the 
same  opinion  as  in  the  case  of  the  High  Technical  School. 

As  in  other  schools,  Avritten  examinations  are  made  in 
tliis  school,  Avith  the  objects  that  the  students'  knowledge 
may  get  Avell  arranged  and  the  stage  of  their  x^rogress  in 
learning  may  ]je  known.  The  marks  are  given,  taking  into 
account  also  the  students'  skill  shown  in  usual  exercise  hom^s. 
Examinations  are  divided  into  three  kinds  of  special,  term 
and  annual.  Annual  examination  takes  i)lace  once  a  year, 
and  term  examination  once  in  a  term  (there  are  three  terms 
in  a  year).  Numljer  of  special  examinations  is  2iot  settled, 
and  there  is  none  i]i  some  schools    (see  also  Chap.  IV,  Part 

ni). 
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PART   in. 

The  High  Technical  Schoot,. 
CHAPTEK     T. 

Aim  of  tho  High  Technical  SchooL 

Tlio  institutions  for  engineering  and  industrial  education 
in  Japan  ma}'  1  e  grouped  into  four  classes,  namel}' :  Colleges 
of  Engineering  in  the  Imperial  Universities,  High  Technical 
Schools,  Common  Technical  Schools  and  Apprentices'  Schools. 
Tho  Common  Technical  and  the  Apprentices'  Schools  com.- 
priso  tho  X3rimary  courses  only  and  the  mathematics  there 
taught  is  but  a  simple  rudiment.  The  High  Technical 
School  takes  up  more  advanced  curriculum  and  differs  not 
significantly  in  the  varietj'  of  courses,  from  the  College  of 
Engineering,  except  in  tho  extends  of  time.  But  sound 
difference  between  these  tMo  institutions  exists  in  this  that 
the  former  aims  to  build  up  practical  and  handy  engineers, 
while  the  latter  undertakes  to  train  the  students  equally  on 
theories  and  practice.  As  a  natural  consequence,  there  is  a 
corresponding  distinction  between  tho  methods  of  teaching 
mathematics ;  tho  practical  application  is  chiefly  taught  in 
the  school,  whereas,  in  the  college,  tho  theories  cany  as  much 
weight  as  practice. 

CHAPTER     TI. 

Object  of  Mathematical  Instruction  in  tho  School 
and  the  Lessons  giA'on. 

1.  Object.  The  only  difference  llet^\•een  High  Technical 
School  and  that  of  middle  jn-ado  is  in  dern'oe  and  kind. 
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2.  Lessons  given.  By  tlie  Reference  Matter,  we  see 
that  tlie  brandies  of  matliematics,  preparatorj'  to  engineering 
and  other  sciences,  are  as  follows : 

(1)  Ai'ithmetic. 

(2)  Algebra. 

(3)  Geometry  (Descrij)tive  Geometry  is  treated  here  as 
not  a  branch  of  mathematics). 

(4)  Trigonometry  (Plane  and  Sx^herical). 

(5)  Analytical  Geometry  (Plane  and  Solid). 

(6)  Differential  Calculus. 

(7)  Integral  Calculus. 

(8)  Differential  Equation. 

Now  we  proceed  to  discuss  the  scope  of  teacliing  the 
elementary  mathematics.  Tliis  school  admits  those  to  enter, 
who  have  completed  a  Middle  School  com"se  or  those  who 
are  regarded  as  equally  qualified.  According  to  the  Reference 
Matter  and  the  syllabus  of  instruction  in  mathematics  in  a 
middle  school  issued  by  the  Dax>artment  of  Education,  we 
see  that  the  most  parts  of  arithmetic,  algebra,  geometry  and 
trigonometry,  the  indispensable  knowledges  in  this  school, 
are  abeady  taught  in  the  Middle  Schools  and  need  not  to  be 
repeated  in  this  school. 

The  lessons  to  be  given  here  are : — 

(1)  The  knowledges  to  be  presupposed  in  engineering, 
but  which  could  not  be  obtained  in  a  middle 
school. 

(2)  Those  which  are  taught  in  a  middle  school,  but 
require  a  repetition  on  account  of  importance  for 
engineering. 

(3)  The  knowledges  to  be  x^i"esupposed  in  higher  mathe- 
matics. 

We  shall  discuss  this  somewhat  in  detail.  (1)  We  have 
ah'eady  described  in  our  repoi*t  of  the  Teclmical  School  of 
Middle  Grade.  (2)  Now  we  look  into  those  which  require 
repetition  or  renewal  on  account  of  their  importance   in  en- 
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ginoering.  According  to  tlie  llefereuce  Matter,  those  parts  of 
arithmetic,  algebra,  and  geometry  which  find  their  ap])lication 
to  engineering  axe  almost  included  in  middle  school's  cuiTi- 
ciilum  and  are  of  such  a  nature  as  t(3  require  no  repetition 
or  renewal.  But  those  subjects,  as  the  determination  of  a 
locus,  the  ai'ea  of  a  circle,  the  volume  of  a  circular  cylinder 
and  in  paiiicular  the  use  of  the  trigonometrical  functions 
and  formulae  and  logarithms  must  be  somewhat  novel  and 
impei-fect  knowledge  to  the  gi-aduates  of  a  middle  school. 
An  excellent  graduate  from  the  machinery  coui-se  of  this  school 
asserted  that  although  he  has  learned  abeady  in  the  Middle 
8chool  the  trigonometrical  functions  and  formulae  ai3pearing 
in  the  lectin-es  in  this  school,  but  a  gi'eat  labour  was  needed 
to  make  himself  accustomed  to  the  practical  appKcations  of 
them.  Li  an  hour  of  exercise  on  analytical  geometry,  we 
met  with  an  example  of  a  student  in  the  first  year  class 
of  the  machinery  course,  who  lias  forgotton  the  formulae 
expressing  the  tangent  of  the  sum  of  two  angles  in  terms 
of  tangent  of  each  angle.  There  are  also  not  a  few  students, 
who  do  not  like  the  ti'oubles  of  taking  recourse  to  the  loga- 
rithmic tables  in  the  physical  laboratory.  Besides  the  Refer- 
ence Matter,  taking  these  facts  into  account,  we  set  down 
the  foUowings  as  the  subjects  which  require  repetition  and 
renewal : — 

a)     Exercises  on  the  calculation  of  surface  areas  especially 

of  circles. 
h)     Exercises  on  the  mensuration  of  solid  volume  especi- 
ally of  circular  cylinder. 

c)  Exercises  on    the    applications  of  trigonometrical  for- 
mulae. 

d)  On  the  occasion  of  all  these    exercises,   to  make   the 
students  accustomed  to  the  logarithmic  tables. 

e)  Greek  letters. 

We  may  drop  here  a  feAV  remark  on  the  slide  rule.    That 
much  benefit  is  derived  from  the  use  of  the  slide  rale,  wliich 
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is  especially  hfiiid}'  in  the  opei'atious  of  miiltiplicaticm  and 
division  of  numbers,  is  widely  admitted  by  chemists,  physi- 
cists, asti-onomers  and  x^^'^i'ticnlarly  by  engineers ;  and  it 
is  commendable  to  be  used  in  the  school  hours,  but  it 
must  dispensed  with  for  the  present  on  account  of  its 
high  iDrice,  It  is  true,  that  the  slide  rales  may  be  i)laced 
at  the  students'  disx)osal  in  school  rooms,  but  this  is  not 
sufficient  to  make  th>em  familiar  to  the  application  of  the 
imx^lcment,  which  can  be  attained  only  by  the  constant 
use.  Moreover,  the  principle  and  the  use  of  slide  rules 
can  be  comx^rehended  by  the  students  themselves,  if  they 
wdsh,  by  reading  the  directions,  which  require  on!}'  some 
knowledge  of  trigonometry  to  understand.  For  that  reason 
the  slide  rule  is  not  adopted  in  the  curriculum,  but  the 
students  arc  directed  to  use  the  logarithmic  tables  as  a  means 
for  calculation. 

The  first  four  of  tlie  above  mentioned  subjects,  which 
are  given  with  a  view  to  renew  the  students'  knowledge 
once  acquired,  differ  in  nature  from  those,  which  are  to  be 
given  on  account  of  their  necessity  to  the  subsequent  study 
of  either  engineering  or  higher  mathematics.  The  omission 
of  the  foregoing  lessons  will  require  some  labour  on  the  i>art 
of  the  students  to  understand  the  lectures  on  tlie  other  sub- 
jects. Indeed  some  of  the  students  may  be  ready  to  make 
this  effort,  but  it  is  safer  to  give  the  above  lessons,  taking 
for  granted  that  most  of  the  students  do  not  like  the  trouble 
to  do  so,  if  we  consider  tlieir  age  (the  average  age  being 
about  eighteen)  as  well  as  their  behaviour  so  far  as  we 
know.  (3)  Lastly  we  will  enumerate  among  the  subjects  of 
elementary  mathematics  those  which  are  necessary  to  tli& 
study  of  higher  mathematics,  and  are  not  taught  in 
middle  school : — 

In  Algebra. 

a)     Imaginary  numbers. 
h)     Liequalities. 
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c)  Permutations  and  combinations. 

d)  Maxima  and  minima. 

e)  Limit,  infinity  and  indeterminate  forms. 
/)  Convergency  and  divergency  of  series. 

g)     Determinant. 
[  c)  and  g)    especially  in    xjreparation   for    the    study  of 
the  Method  of  Least  Squares]. 
In  Trigonometry 

a)     Livei-se  trigonometrical  fmictions. 
h)     Natural  logarithm. 
c)     Solution  of  trigonometrical  equations. 
In  fine,  the  subjects  of  elementary  mathematics  wliich  are 
to  be  taught  in  this  school,  are  as  follows : — 

a)     Exercises    in    the    calculation     of     surface    areas, 

especially  of  circles. 
h)     Exercises    in    the    mensuration    of    solid   volumes, 
especially  of  circular  cylindei-s. 

c)  Exercises    in    the    application    of    trigonometrical 
formulae. 

d)  Tlie    use    of    logarithmic    tables    in   the  foregoing 
exercises. 

e)  Greek  letters  used  as  symbols  of  angles. 
/)     Radian. 

g)  Inverse  trigonometrical  functions. 

h)  Natural  logarithm. 

i)  Solution  of  trigonometrical  equations. 

_/)  Summation  of  trigonometrical  series. 

/r)  Imaginary  numbei-s. 

Z)  Inequalities. 

m)  PeiTnutations  and  combinations. 

n)  Maxima  and  minima. 

o)  Variation. 

p)  Limits,  infinity  and  indeterminate  forms. 

q)  Binomial  series  with  any  index. 

?•)  Convergency  and  divergency  of  series. 
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s)  Determinant. 
Next  we  proceed  to  consider  the  scope  of  teaching  the 
liigher  mathematics  in  this  school.  The  first  requisite  in 
teaching  analytical  geometry,  diflferential  and  integral  cal- 
culus, and  differential  equation  is  always  to  keep  in  mind 
tlie  prescribed  object  of  the  school  and  not  to  miss  out,  in 
lectm-es,  the  general  characteristics  of  science.  To  obtain 
this  effect,  according  to  the  Reference  Matter,  we  choose  tlie 
followings  as  the  materials  to  l3e  given  in  the  mathematical 
lessons. 

Analjiiical  Geometry. 
Plane  Geometry. 

Co-ordinates.     Straight  line.     Transformation    of    Co- 
ordinates.    Circle.    Parabola.    Ellipse.    H^^perbola. 
General  equation  of  the  second  degree. 
Sohd  Geometry. 

Co-ordinates.  Projection.   Straight  line.    Plane.  Certain 
surfaces  of  tlie  second  order. 

Sphere.     Cone.     Cylinder.      Ellipsoid.      Hyper- 
boloids.     Paraboloids. 

Diflferential  and  Integral  Calculus. 
Limits  and  continuity. 
Differentiation. 

Derived  functions  of  some  special  functions. 
Logarithmic  functions. 
Exponential  functions. 
Trigonometrical  functions. 
Circular'  functions. 
Applications  of  Derived  Functions. 
Successive  Differentiation. 
Taylor's  Theorem  and  its  Applications. 
Partial  Differentiation. 
AppHcations  to  Plane  Curves. 
Integration. 

Properties  of  an  integral. 


TECHNICAL  SCHOOLS  AND  COLLEGES.  ^g, 

Fuudamental  integi'als. 

CLange  of  variables  in  iiitegi'ation. 

Partial  integi'ation. 
Integi'ation  of  Elemental"}'   Functions. 
Applications  of  Integi'als. 

Difterential  Equation. 
Differential  Equation  of  the  First  Order. 

Separation  of  variables. 

Homogeneous  equation. 

Linear   equation. 

Riccati's  equation. 

Exact  differential  equation. 

Integi-ating  factors. 

Simultaneous  equations  of  the  first  order. 
Differential    Equations  of    the    First    Order    and    Higher 
Degree. 

Solution  by  sej^aration  into   factors. 

Solution  })y  differentiation. 

Clairaut's  equation. 
Differential  Equation  of  the  Higher  Order. 

Equation      — —  =(p  (.r). 
Equation       f(£]L,    ^i!:!?/)  =0, 

Linear  equation  of  the  second  order 

OX'  ax 

B}-  the  Reference  Matter  we  know  that  the  most  com- 
monly used  co-ordinates  system  in  engineering  is  the  rectan- 
guLor,  the  next  being  the  polar.  Special  care  must  be  taken 
in  the  lessons  of  analytical  geometry,  to  bring  home  to  the 
students'  minds  the  following  three  points  : 

(rt)     The  relations  between  two  physical  quantities  may 
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be  represented  by  a  cui've  on  a  plane. 
(h)     A  resultant  or  component  vector  may  be  represent- 
ed by  the  distance  of  t^\'o    points  and  their    co- 
ordinates. 
(c)      Any  given  algebraic  equation  may  be  interpreted 
to  represent  a  curve  or  cm-ves  and  vice  versa. 
Of    various   topics     of    solid    analytical    geometry     above 
mentioned,  the  equations  of    surfaces    seldom    appear    in  the 
lectures  in  this  school,  except  in  tliose  of  pure  mathematics, 
and  may  be    held    dispensable.     But  as   the   analytical  geo- 
metry is  a  prex^aratory  siibject  for    calculus,    it  is  to    recom- 
mend not  to  omit  any  part  of  it  as  far  as  the  time  admits. 
According  to  the  Reference  Matter,  the  partial  differentia- 
tion and  integration  of  elementary  functions  should  be  taught  in 
some  outlines.     And  also  such  applications  of  these  operations 
on  curved  surfaces  or  lines  in  space  as,  for  instances,  expres- 
sions for  tangents  or  normals  to  a  curve  in  space  or  of  tangent 
planes  or  normals   to  curved  surfaces  or  their  mensuration  etc. 
may  be  left  out.    But  as  they  are  supplementary  to  the  solid 
analytical  geometry,  it    is    advisable  to  include  them  in   the 
lectures  as  much  as  possible  in  the  fixed  time  limits. 

In  general  terms,  as  previously  explained,  we  undertake 
in  this  school  to  teach  mathematics,  not  as  a  pure  science, 
but  only  as  a  means  for  practice,  so  that  some  free  scope 
with  respect  to  the  scientific  exactitude  and  rigor  may  be 
allowed,  as  for  example  to  explain  BoUe's  theorem  gra])hically. 
According  to  the  Reference  Matter,  the  differential  equation 
of  the  elastic  curve  in  the  Strength  of  Materials  is  the  only 
one  of  the  second  order,  all  others  being  simple  equations  of 
the  first  order.  Moreover,  we  know  that,  although  much  use 
is  made  of  calculus  and  differential  equations  in  the  Theory 
of  Alternating  Current,  Hydraulics  and  the  Strength  of 
Materials,  the  process  of  appl.ying  them  are,  in  a  large 
measure,  alike.  To  speak  more  concretely,  we  have  to  express, 
first  of  all,  the  relations  among   physical  quantities  by  means 
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of  the  differential  equations,  and  next  to  solve  tliem.  Doing 
tills  is  not  so  difficult.  In  this  school  the  students  must  he 
equipped  with  all  mathoiuatical  branches  i^reviously  mentioned, 
jis  early  as  possible,  in  order  they  may  comprehend  the 
lectm'es  which  contain  tlK)se  applications.  It  is  very  difficult 
io  adequately  set  the  orders  and  the  proportion  of  hom's 
for  these  Ijranches. 

That  which  we  have  spoken  above  is  mainly  one  side  of 
the  aim  of  the  mathematical  instraction,  as  to  the  other  side 
we  have  the  same  opinion  as  that  mentioned  in  the  report 
of  the  Technical  School  of  Middle  Grade.  By  the  Reference 
Matter  we  see  tliat  the  most  fundamental  and  the  most 
important  application  of  mathematics  is  to  make  qualitative 
ideas,  especially  physical  ones,  quantitative  by  means  of  ma- 
thematical expressions.  Numerous  cases  of  such  kind  of 
applications  of  arithmetic  and  algebra  appear  in  engineer- 
ing, but  they  are  comparatively  simple  ones  of  the  four 
a'ules,  which  have  been  learned  for  a  long  time,  so  that  the 
students  perhaps  have  had  many  opportunities  to  train  them- 
selves thoroughly  to  them.  But  as  for  differential  and  inte- 
gral calculus,  they  have  only  a  shorter  period  allotted  to  the 
study  than  arithmetic  and  algebra,  and  Ijesides,  the  symbols 
used  in  the  former  are  different  from  those  Avhich  occur  in 
the  study  of  the  latter.  Thus  the  infinitesimal  calculus  being 
applied  in  the  lectures  on  industrial  science,  Ijefore  it  is 
mastered  l)y  the  students,  we  may  be  sure  tliat  they  are  not 
thorouglily  skilled  in  representing  physical  ideas  by  means 
<3f  it.  Therefore  attention  must  l)e  taken  on  the  side  of 
application  in  teacliing  mathematics  in  this  school.  For 
instance,  if  we  suppose  that  we  have  to  express  in  the  most 
general  formulae  such  laws  as,  "  the  acceleration  caused  by 
gravity  in  a  certain  place  is  constant,"  or,  "  The  strength  of 
induced  current  is  proportional  to  the  number  of  magnetic 
lines  of  force  cut  off  by  the  conductor  in  a  unit  time,"  then 
it  must  be  well  taught  that  the  former  can  be  expressed  by 
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a  linear  differential  equation  of  tlie  second  order,  and  the 
latter  by  a  differential  equation  of  the  first  order.  Although 
sx)ecial  hours  can  not  be  given  to  the  exercises  in  such 
applications,  but  we  may  share  them  a  j)art  of  the  time  fixed 
for  the  exercises  in  mathematics,  or  we  can  give  such  exam- 
ples in  the  course  of  the  lecture  on  physics.  We  beUeve 
that  it  is  not  impossible  to  give  them  in  i)hysics,  even  liefore 
the  students  liave  no  knowledge  of  differential  and  integral 
calculus.  Nay,  this  may  be  one  of  the  most  important 
services  physics  should  do  to  other  sciences,  especially'  to 
engineering. 

3.  Allotment  of  time.  According  to  the  i^rescription  of 
the  Educational  Department,  the  course  of  instruction  of  this 
school  extends  over  tliree  years.  In  fact  the  course  in  every 
school  of  the  same  kind  is  just  three  years,  and  the  mathe- 
matical instruction  is  not  found  in  the  highest  class,  and 
the  total  number  of  hours  for  mathematical  branches  varies 
about  from  70  to  300,  and  depends  upon  the  different  schools, 
and  different  kinds  of  engineering  which  are  fomid  in  those 
schools.  Li  the  Tokyo  High  Technical  School,  the  old- 
est one  of  this  kind,  the  true  number  of  weeks  for  wliich 
lessons  are  given  during  one  year  is  about  33,  and  the 
allotment  of  hours    for    mathematical    branches    as    follows  : 


\.      Course 
Branch      ^s,^^ 

1 
< 

00 

1  S 

^    00 

0  <o 

J  s 

S'Sc 
SI 

to 

11 

s  % 

o  .5 
ja  to 

"1 

.2   00 

c  G 

First  Year. 

Algebra 

66             66 

66 

66 

- 

— 

Analyticiil 
Geometry 

99 

99 

99 

99 

— 

— 

Mathematics 

—             — 

— 

— 

66 

0 
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Second  Year 

Calculus 
cl-  Diff.   Eqn. 

66 

66 

66 

66 

— 

— 

Sum 

231 

231 

231 

231 

66 

0 

From  this  table,  we  set  down  the  following  as  the  minimal 
number  of  hours  needed  for  teaching  each  of  the  branches  of 
mathematics  stated  in  the  foregoing  jurticle  : 

Analytical  Geometry         100  hours  or  thereabouts  a  year 

Differential  Calculus,  Integral  Calculus  and  Differential 
Efq  nation         100  hours  or  thereabouts  a  year 

Elementai'y  Mathematics  40   hours  or  thereabouts  (in 

the  first  term  of  the  first  year). 

As  the  lectm-es  on  the  strength  of  materials,  in  which 
differential  calculus,  integral  calculus  and  differential  equa- 
tion are  oftenest  applied,  begin  in  the  first  term  of  the 
second  year,  and  moreover  these  three  branches  are  most 
closely  connected  with  one  another,  the  lesson  on  these 
subjects  must  be  completed  in  the  first  year.  Tliis  is  not 
imposssible,  if  240  hoiu-s  or  so,  the  total  number  of  hours  for 
the  com-se  of  these  lessons  together  with  that  of  elementary 
mathematics  in  the  first  year,  are  projjerly  divided  and 
allotted  to  each  course  per  week.  As  its  actual  instance 
we  may  take  the  allotment  of  hom-s  in  the  Sendai  High 
Technical  School :  Mathematical  branches  assigned  in  this 
school  are  the  same  as  those  of  the  Tokyo  High  Technical 
School,  and  number  of  hours  for  the  Electrical  Engineering 
or  Mechanical  Engineering  course  is  6  a  week  and  200  a 
year,  and  the  mathematics  is  only  found  in  the  first  class. 
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CHAPTER    ni. 

The  Necessity  of  the  Compilation 
of  the  Text-Books. 

The  most  common  practicable  methods  of  teaching  mathe- 
matics are  as  follows  : 

(1)  To  dictate  and  explain  the  definitions,  propositions, 
and  demonstrations  in  the  most  accurate  terms. 

(2j  To  dictate  only  the  essentials  of  the  definitions, 
propositions  and  demonstrations,  and  to  amplify 
them  by  explanation. 

(3)     To  nse  the  text- books, 

(c)     special!}^   compiled  for  the  nse  in    this  school  or 
{!>)     edited  not  for  the  special  use  in  this  school. 

The  method  (1)  lias  a  defect  therein  that  it  takes  too 
much  time ;  the  method  (2)  is  not  recommendable  as  a 
method  of  teaching  mathematics,  which  requires  accurate 
ideas  and  expressions,  to  the  students  whose  minds  are  not 
sufficiently  developed,  and  whose  langiTage  is  poor  in  adequate 
expressions.  Besides,  by  these  two  methods,  it  is  unavoidable 
to  cause  sound  confusion  as  well  as  some  waste  of  time  in 
giving  exercises.  Tlie  method  (3)  is  free  from  those  reproach- 
es ;  but  in  case  of  (h)  we  may  feel  some  difficulty  in  select- 
ing the  subjects  to  give  out  of  the  text-books,  and  sometimes 
miss  the  opportunities  to  teach  subjects  appropriate  to  this 
school,  because  we  must  follow  the  order  of  propositions  and 
demonsti'ations  by  the  author  of  the  books.  Taking  these 
facts  into  account  we  may  say  that  the  method  (3)  (a)  is 
the  best.  But  we  know  that  the  method  oftenest  adopted  in 
our  i)olyteclmical  schools  is  (2)  or  (3)  (?>).  Although  tlie 
method  (3)  (a)  is  accepted  generally  as  the  most  perfect,  it 
is  not  adopted,  we  think,  on  account  (i)  of  the  difficulty  of 
fixing  the  subjects  in  mathematics  appropriate  to  the  school, 
and    (ii)   of    the    labour,    time  and    expense    needed  for    the 
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compilation  of  the  text-books.  But  we  Relieve  that  tliese 
ol)structions  can  Ik?  removed  by  tlie  proper  managements  of 
the  e(hieational  autliorities  concerned  or  tlie  director  of  the 
school,  and  tlio  compilation  of  the  text-lsooks  can  be  effected 
somohow.  In  this  connection  "\ve  must  remark,  that  the 
educational  autliorities  concerned  or  the  school  director  should 
stand  in  managing  the  text-book  compilation  on  the  more 
fundamental  stand-point  than  that  upon  which  we  set  down 
the  subjects  in  mathematics  necessary  for  the  study  of 
engineering  science  as  shown  in  the  Reference  Matter.  They 
should  reflect  on  the  state  of  things  In  tliis  country,  and  the 
object  and  stage  of  i)i'ogress  of  this  school  in  fixing  the 
subjects  to  be  given  in  the  lessons  of  engineering  sciences, 
t(j  the  study  of  M'hich  mathematics  should  be  taught  in 
IJreptu'ation.  As  to  the  relative  degree  of  imix)rtance  winch 
should  be  ascribed  to  the  compilation  of  the  text-books  on 
mathematics,  as  compai-ed  with  other  tasks,  only  the  authorities 
concerned  or  the  school  director  can  decide,  but  we  may  sa,y 
that  tliis  task  is  of  no  small  importance,  for  it  provides  us 
with  the  means  to  make  mathematics,  which  requires  accm-ate 
ideas  and  expressions,  memorized,  understood,  and  applied 
satisfactorily  by  the  students,  whose  minds  are  not  sufficiently 
developed. 

CHAPTEli     IX. 

Ex-'iminations. 

As  iji  othci'  >clii)uls,  written  examinations  arc  made  in 
this  school,  with  the  samf  objects  as  that  mentioned  in  oiu- 
report  of  tlie  Technical  Schtxjl  of  iMiddlo  Grade  and  the 
m.'irks  are  given,  taking  ijito  account  the  students'  skill  in 
usual  exercise  hours.  Though  the  number  of  times  and  metho(i 
of  examinations  differ  a  little  hi  each  school  of  tlie  same 
grade,  but  the  examinations  with  notice  shall  generally  be 
held  froni  three  lo  ten  times  in  n    \car.     In  soni(^  sc1i(_k>1s  no 
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notice  is  given  of  an  examination.,  and  in  others  notice  is 
sometimes  given  and  sometimes  not.  The  former  class  of 
schools  aims  at  keeping  the  students  from  over  work,  and 
the  latter  thinks  that  opportunities  are  given  to  the  students 
to  systematise  their  knowledge  by  their  x>rex)aration  for  tlie 
examination . 

Similar  methods  of  examinations  are  held  at  all  tlie 
schools  in  om*  country. 

In  short  these  facts  show  that  it  is  difficult  to  find  other 
appropriate  means  than  such  methods  of  examination  to  test 
how  far  the  students  understand  their  lessons  and  can  a])ph' 
them  practically. 

CHAPTER     Y. 

Tiaining  of  Teachers. 

A  class  of  training  teachers  for  techuological  schools  of 
middle  grade  is  attached  to  the  High  Technical  8cho<3l  i]i 
Tokyo.  As  to  mathematics  the  same  lessons  as  in  the 
principal  course  are  given  to  this  class,  and  special  lessons 
are  not  given,  hecausSe  the  students  of  this  class  are  few  and 
most  of  them  are  graduates  of  the  normal  schools,  where  they 
have  acquired  sufficient  knowledge  of  the  method  of  teaching 
and  other  branches  of  pedagogy  and  they  must  only  acquire 
in  addition  the  knowledge  necessai*y  to  the  teachers  for  tlie 
technical  schools. 

[the    EST"] 
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PREPARATORY  MILITARY  SCHOOLS 

FIRST  PART. 

Present  State  or  the  Organization  and  the 
Methods  of  Mathematical  Instruction. 

CHAPTER    I. 

Two  Kinds  of  Preparatory  Military  Schools, 
There  are  two  kinds  of  preparatory  military  schools, 
namely,  the  Central  Preparatory  Military  School  and  a  number 
of  Local  Preparatory  Military  Schools.  The  former  which 
is  in  Tokyo  contains  the  two  courses,  the  main  course  of 
two  years  and  the  preparatory  course  of  three  years.  There 
are  five  of  the  latter,  namely  one  each  in  Sendai,  Nagoya, 
Osaka,  Hirosliima,  and  Ivumamoto,  and  they  contain  only 
the  preparatory  com-se  of  tlu'ee  years.  Pupils  who  have 
finished  their  course  of  study  in  the  preparatory  course  of 
the  Centi'al  or  local  preparatory  miHtary  school,  are  admitted 
into  the  main  coiu*se  of  the  Central  Preparatory  Military 
School. 

Tlie  Aim  of  Prei^aratory  Military  Schools. — The  aim  of 
preparatory  military  schools  is  to  impart  pupils  general 
knowledge  wiiicli  will  be  necessary  for  them  to  become 
military  cadets,  and  also  the  general  preparatory  education 
for  military  training. 

Relations  with  Other  Schools. — Tliose  who  apply  for  ad- 
mission to  the  first  year  of  the  preparatory  course  in  the 
Central  or  siiij  local  preparatory  military  school  must  pass 
through  an  entrance  examination,  the  standard  of  which  is 
the  completion  of  the  first  year's  com'se  of  the  middle  school, 
and  consequently,  those    who  have    passed   the    examination 
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and  been  admitted  therein  possess  about  the  same  attain- 
ment as  the  second  year  irapils  of  the  middle  school.  Thus 
the  pupils  of  upper  classes  are  of  about  the  same  qualifica- 
tion as  the  corresponding  upper  class  pupils  of  the  middle 
school,  save  that  in  the  second  year  of  the  main  course 
pupils  have  lessons  in  trigonometry,  analytical  geometry, 
mechanics,  and  descriptive  geometry,  geomcfrie  cote  while  in 
the  middle  school  they  go  only  so  far  as  trigonometry. 

The  following  table  is  appended  to  show  the  relations  of 
the  preparatory  military  schools  with  middle  and  elementary 
schools  as  well  as  military  cadets  schools : — 
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Tlio  Average  Age  of  Pupils. — The  average  ages  of  the 
pux^ils  in  the  main  and  the  preparatory  courses  of  the  Cen- 
tral Preparatory  Military  School  are,  according  to  the  inquiries 
made  in  1910,  as  follows 

.  1st  3'ear  of  the  preparatory  course 
2nd 

■  <jici    ,,       ,,      ,,  ,,  ,, 

.1st    ,,     „    „  main  course 
2nd 

•  ■^ii*^'-      JJ  J)  55  55  55 

The  average  ages  of  the  "i^upils  in  local  pre]3aratory  mili- 
tary schools  are  about  the  same  as  those  of  the  coiTesjxinding 
grade  in  the  Centi'al  Preparatory  Military'  School. 

CHAPTER    n. 

Aim  and  Subject-matter  of  the  Mathematical  Instniction. 
Aim  of  Mathematical  Instruction. — As  has  been  stated, 
the  aim  of  the  preparatory  military  school  being  to  impart 
general  knowledge  to  the  pupils  and  at  the  same  time  to 
give  them  the  preparatory  military  education,  mathematics  is 
taught  to  give  them  mathematical  knowledge  as  a  part  of 
general  education,  as  well  as  such  mathematical  knowledge 
as  are  especially  useful  from  the  military  stand-point  of  view. 
To  cite  an  instance  or  two :  in  algebra,  probability  is  not 
omitted,  as  it  helps  the  f)i^pils  in  learning  tecluiology  of 
arms  in  military  schools  in  higher  grades ;  in  analytical 
geometry,  the  properties  of  conic  sections  are  x^articularly 
well  explained  to  the  pupils,  as  they  will  have  frequent 
opx>ortunities  to  apply  them  to  technology  of  arms  and  forti- 
fication ;  in  mechanics,  many  problems  of  mathematical  ap- 
plication are  given  as  a  preparatory  study  of  tecluiology  of 
arms  ;  and  lastly  geometric  cote  is  given  to  aid  the  study  of 
topogi'aphy. 

The  aim  of  mathematical  instruction  in  the  ^preparatory 
military  school  is,  not  only  to  teach  the  j)upils  formal  opera- 
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tions  and  logical  reasoning,  but  also  to  teach  tlie  actual  facts 
contained  tlierein  and  to  foster  the  common  sense  of  pupils. 
For  instance,  i^ractical  problems  are  selected  for  exercises, 
and  too  h3'potlietical  data  are  avoided.  For  example,  the 
quantities  and  the  price  of  a  thing  ai-e  propoiiional  to  a 
cpi-tain  limit,  beyond  "vvhich  premium  or  discount  comes  into 
play,  so  that  negligence  of  such  factors  in  giving  problems 
Avould  Ije  counted  as  a  lack  of  common  sense.  The  second 
aim  of  mathematical  insti'uction  in  the  preparatory  militixry 
school  is  to  train  the  pupils  in  practical  calculations  and  to 
develop  their  mathematical  talents.  Nevertheless,  the  train- 
ing of  memory  is  not  to  be  under-estimated  and  the  import- 
ant matliematical  formulae  should  be  committed  to  memory 
b}'  tlie  pupils  and  also  tlie  multiplication  table  not  only 
up  to  9'  but  up  to  19'.  Furthermore,  in  the  beginning  of 
elementary  geometry,  strictly  logical  inferences  are  not  at- 
tended to,  but  logical  drill  is  left  until  logic  is  given  as 
an  independent  lesson  in  the  Central  Preparatory  Military 
School. 

Subject-matter  of  Mathematical  Listi-ucticjus. — The  sylla- 
buses and  numljer  of  lessons  on  mathematics  and  other 
subjects  closely  connected  with  it  are  given  in  the  following 
tables.  Hereby  it  is  to  be  observed  that  one  hour  of  a  lesson 
means  fifty  minutes  of  actual  teaching. 
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Military  School  and  Local  Preparatory  MDitary  School. 
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Li  reference  to  the  distribution  of  subject-matter,  mucli 
attention  has  been  paid  towards  the  relations  that  exist 
between  different  branches.  Thus  in  those  branches  wliich 
are  alternately  given,  as  algebra  and  geometry,  or  analytical 
geometry  and  mechanics,  or  in  those  which  succeed  each 
other,  as  arithmetic,  algebra,  trigonometry,  and  analytical 
geometry,  any  subject  wliich  is  foimd  in  different  branches 
is  ti'eated  on  a  proi^er  occasion,  or,  if  necessary,  as  an  ap- 
plication of  the  facts  already  given  in  another  branch,  so 
that  no  distinct  line  can  be  drawn  between  the  boundaries 
of  the  different'  branches,  as  far  as  such  a  subject  is  con- 
cerned, but  the  full  knowledge  of  each  mathematical  branch 
is  obtained  after  the  pupils  have  finished  their  five  year's' 
course  in  the  preparatory  military  school.  Concerning  the 
details  of  what  has  been  stated,  more  minute  explanations 
will  be  given  under  the  heading  of  Text-books  in  Chapter 
IV. 

CHAPTER    in. 

Examinations. 

There  are  two  kinds  of  examinations,  namely',  daily  ex- 
aminations and  annual  examinations  held  at  the  end  of  each 
school  year,  the  last  annual  examination  being  at  the  same 
time  the  graduation  examination.  There  is  no  term  exami- 
nation. 

The  Daily  Examination. — Tliis  is  of  two  kinds,  the  oral 
and  the  written  examinations,  and  is  held  in  each  lesson  by 
asking  pupils  questions  of  what  they  have  learned,  in  order 
to  make  them  grasp  the  matter  more  accurately  and  correctl}". 
Besides,  the  answers  of  extemporary'  questions  WTitten  by  a 
pupil  on  the  blackboard,  the  performance  of  home  exercises, 
and  the  answers  wliich  all  the  pupils  are  required  to  write 
down,  the  time  allotted  being  taken  out  of  the  ordinary 
teacliing  time  witlun  the  limit  of  from  ten  to  thirty  minutes, 
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are  also  taken  into  acconnt  as  a  part  of  tlie  daily  exami- 
nation. 

Tlie  ■v\Titten  examination  is  one  to  wlu'cli  the  time  for 
one  lesson  (50  minutes)  is  entirely  assigned  and  is  lield  at 
least  twice  in  one  term  on  one  subject,  tlie  material  being 
taken  from  Avliat  they  have  learned  during  the  tci-m.  But, 
as  it  will  be  seen  under  the  heading  of  the  Method  of  Teach- 
ing, it  is  the  oliject  of  all  preparatory  militiuy  schools  to 
make  the  pupils  repeat  and  repeat  what  they  have  learned, 
so  that  x)i"oblems  or  questions  dealing  with  what  they  had 
learned  are  sometimes  given  on  this  occasion.  Li  the  main 
com-se  of  the  Central  Preparatory  Military  School  the  wiitten 
examination  is  held  either  with  or  without  forewarning ;  but 
in  the  preparatory  com-se  in  both  the  ceuti-al  and  the  local 
schools,  it  is  held  always  without  any  previous  notice. 

Annual  Examinations  and  Graduation  Examination. — 
These  are  held  at  the  end  of  every  school  year  after  giving 
notice  thereof,  two  hom-s  being  allowed  for  each  subject. 
The  final  mark  in  each  subject  is  determined  by  combining 
the  average  mark  of  daily  examinations  and  the  mark  of  the 
annual  one  in  the  ratio  of  two  to  one. 

CHAPTER     r\^ 

Method  of  Teacliing. 
Outlines  of  the  Method  of  Teaching  common  to  all  sub- 
jects at  the  Preparatory  Military  School. — In  order  to  improve 
the  methods  of  teacliing  at  the  preparatory  military  schools 
and  make  it  uniform,  a  summer  course  was  held  in  1901  for 
instructors  of  mathematics  in  the  Central  Preparatory  Military 
School  and  local  preparatory  military  schools  and  "  Outlines 
of  the  Method  in  Teaching  at  the  Preparatory  Military 
School "  was  discussed  and  approved.  Tliis  was  j)ut  into 
practice  during  the  following  seven  year's,  and,  after  various 
inquiries  and  experiences,  it  was  revised  by  the  summer 
com"se  of  1908.     As  a  result  of   this    revision,    not    only    the 
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methods  of  teacliing  have  become  miiform  in  all  preparatory 
military  scliools,  but  also  various  brandies  of  mathematics 
were  taught  effectively  to  all  the  pupils,  so  that  no  distinc- 
tion can  hardly  be  made  as  to  proficiency  in  mathematics 
among  the  gi-aduates  of  the  preparatory  course  in  different 
schools,  when  they  tmii  out  to  be  pupils  in  the  main  course 
in  the  central  school. 

Outlines  of  the  Methods  of  Mathematical  Instruction  at 
the  Preparatory  Military  School.— 

I.     Cares  should  be  taken  before 
and  after  lessons. 

1.  Tlie  teachers  of  mathematics  should  make  sufficient 
preparations  for  what  they  are  going  to  teach,  the}'  should 
hold  meetings  to  discuss  and  consult  with  each  other  how  to 
teach,  and  they  should  see  and  criticize  the  teaching  of 
others.  They  should  thus  aim  at  tlie  progress  and  miity  of 
the  methods  of  teacliing. 

2.  Each  teacher  should  make  a  table  of  what  he  is 
going  to  teach  before  the  school  3'ear  begins. 

3.  Each  teacher  should  prepare  j)i'inted  matters  to  be 
distributed  among  the  pupils  as  occasion  requires. 

4.  Each  teacher  should  examine  from  time  to  time  the 
note-books  of  x^upils,  and  give  necessary  remarks  on  them. 

n.     Methods  of  Teaclnng. 

1.  At  the  beginning  of  each  lesson,  the  teacher  should 
ti-y  to  ask  questions  concerning  the  recently  taught  matters 
as  a  part  of  the  daily  examination. 

2.  Each  teacher  should  give  a  review  of  important  mat- 
ters which  had  been  taught  as  a  part  of  the  daily  examination. 

3.  Explanation  and  reading  of  the  text,  if  they  are 
necessary,  may  be  made  in  any  order,  but  a  clear  distinction 
should  lie  made  between  them  in  order  to  concentrate  the 
attention  of  the  pupils. 


ART.  xm.].  ARMY  DEPARTMENT  13 

4.  Questions  or  problems  out  of  tlio  text-lwok  or  from 
other  sources  should  be  giren  to  the  pupils  as  either  extem- 
porary or  homo  exercises  as  a  part  of  the  daily  examination. 
In  the  latter  case,  the  teacher  should  take  care  not  to  over- 
task them,  considering  tlie  time  which  has  been  i)laced  at 
their  disposal. 

5.  Let  a  pujHl  solve  a  problem  in  the  class  in  the  fol- 
lowing ways  : — 

(a)  If  the  j)i'o^l6m  is  simple  or  similar  to  one  just 
finislied,  the  teacher  should  make  the  i^ujoil  solve  it 
orall}',  instead  of  writing  it  down  on  the  blackboard. 

(h)  When  there  are  various  ways  of  solving  a  j^roblem, 
the  teacher  may  ask  some  j)^^pil*^  ^o  state  orally  the 
essential  points  of  the  different  methods  ;  or  picking 
out  two  or  tlu"ee  pupils,  and  let  them  wTite  down  on 
the  blackboard  the  different  solutions  which  should  be 
coiTCcted  or  criticized  by  himself  or  by  other   j)^"ipils. 

(c)  AVlien  the  teacher  wishes  to  show  the  pupils  a 
typical  solution,  he  should  himself  write  it  down  on 
the  blackboard  or  he  may  make  some  pupil  ■yniie  it 
down  on  the  blackboard  and  then  criticize  and  correct 
it,  and  make  the  pupils  comjmre  their  own  with  it 
and  coiTect  their  mistakes,  if  there  be  any. 

6.  When  the  teacher  wishes  to  try  a  certain  pupil,  he 
should  fii"st  give  the  problem  to  the  whole  class,  giving  all 
pupils  time  to  consider,  and  then  name  the  xJujjil  he  wanted 
to  tr}'. 

7.  The  teacher  should  pa}^  attention  to  pupil's  pronun- 
ciation or  writing  and  make  liim  accustom  to  do  them  cor- 
rectly and  clearly. 

8.  When  a  pupil  is  to  stand  on  the  platform  or  some 
other  place  to  make  an  expkination  or  to  answer  a  question, 
he  has  to  use  polite  words  suitable  to  addressing  his  teacher, 
but,  at  the  same  time,  ho  must  speak,  as  far  as  possible,  to 
the  whole  class. 
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9.  When  the  teacher  states  something  to  call  the  atten- 
tion of  the  whole  class,  he  should  also  make  it  known  to 
the  pupils  Avho  are  working  at  the  blackboard,  if  there  are 
any. 

10.  At  the  end  of  each  lesson,  the  teacher  should  give 
to  the  pupils  the  summary  of  what  has  been  taught  that 
day,  whenever  it  is  deemed  necessary  to  do  so. 

11.  The  teacher  may  sometimes  give  the  outline  of  the 
next  lesson  as  a  preparatory  rehearsal,  give  problems  as 
home  exercises  with  hint,  if  necessary,  for  the  solutions,  or 
give  order  to  prepare  the  text-book  or  to  review  lessons. 

m.     Miscellaneous. 

1.  Though  it  is  needless  to  say  that  every  subject  in 
mathematical  instruction  should  be  made  to  be  understood 
rightly  and  clearly,  yet  that  wliich  is  comparatively  less 
important  may  be  taught  briefly,  and  the  whole  energy  of 
the  pupils  should  be  directed  toward  more  important  points. 
The  iDupils  should  be  thoroughly  drilled  in  the  following 
subjects : — 

In  arithmetic  :  operations  in  the  calculations  of  frac- 
tions and  decimals,  weight  and  measure,  and  square 
root. 

In  algebra  :  factors,  fractions,  equations,  and  logarithm. 

2.  To  helj)  the  pupils  to  ]'emember  what  ai-e  important 
in  mathematics  and  to  make  it  convenient  to  apply  them, 
they  should  be  made  to  prepare  the  synopsis  of  mathematics, 
the  contents  of  which  should  be  the  same  as  that  of  "  Syn- 
opsis of  Mathematics  "  given  in  a  separate  pamphlet.  Copy- 
ing of  the  synopsis  should  be  commenced  when  a  pupil 
is  in  the  second  year  of  the  preparatory  course  and  be 
completed  by  the  time  he  graduates  that  com'se.  Afterwards, 
it  should  be  supj)lemented  by  him  to  the  mathematical 
branches  which  are  to  be  given  in  the  main  course  of  the 
centi'al  school. 


ABT.  xm.]  ARMY  DEPARTMENT  15 

3.  To  make  the  pupils  skillful  in  calculation  and  also 
able  in  matliomatical  application,  the  teacher  should  adopt 
the  following  rules  : — 

(a)  Let  the  pupil  consider  the  order  of  operations  and 
adopt  as  simple  a  method  as  possible. 

(J))  Lot  him  train  himself  in  mental  as  well  as  quick 
calculations. 

(c)  Let  him  in  most  cases  make  approximate  estimates 
whenever  he  makes  calculation. 

(d)  Let  him  measure  length,  breadth,  weight,  etc.,  by- 
sight  or  by  hand. 

4.  To  make  the  pupils  interested  in  the  mathematical 
study,  the  teacher's  skillful  art  of  teaching  should  of  course 
be  relied  upon,  but  the  teacher  should  particularly  observe 
the  following  rules  : — 

(a)  He  should  explain  how  far  each  branch  of  mathe- 
matics can  be  applied  and  how  it  is  useful  in  other 
respects,  in  order  to  let  the  pupils  conceive  the  great 
importance  of  its  study. 

(h)  Materials  other  than  those  of  regular  lessons  should 
be  moderately  chosen  so  as  to  suit  the  ability  of 
pupils. 

(c)     Let  not  the  j)i^pils  forget  any  fundamental  facts. 

{d)     The  pupils  should  be  made  skilled  in  operations. 

(e)  The  teacher  should  give  practical  x>i"oblems  or  other 
interesting  ones. 

(/)     Reference  books  should  be  told,    if   there  be  oppor- 
tunity. 
((j)     Let  the  pupils  play  mathematical  games  occasionally. 

5.  The  following  signs  will  be  used,  and  besides,  other 
.signs  used  in  text-books :  co,  = ,  ABC,  ^ ABC,  ^ABC,  ®0 
(O  being  the  centre),  ®ABC  (A,  B,  C  being  three  points  on 
the  circumference),  ^«),  OABCD,  £7 AC,  E. 

6.  The  matters  to    be    noted    down : — Notes    are    to    bo 
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taken  only  of  such  matters  as  are  supplemented  by  teachers 
and  not  given  in  text-books.  They  should  be  pointed  out 
by  teachers  for  beginners  until  the  pupils  can  do  it  for 
themselves. 

7.  In  arithmetic  and  algebra,  simj)le  operations  should 
be  made  mentally ;  and  in  geometry,  as  pupils  advance  in 
knowledge,  solutions  should  sometimes  be  made,  without 
making  use  of  a  part  or  the  whole  of  figm-es. 

8.  If  there  be  a  pupil  who  is  excellent  in  every  lesson 
given  in  the  school  and  is  especially  so  in  mathematics,  the 
teacher  should  sometimes  help  him  for  his  fmiher  progress 
by  giving  him  more  diiBcult  problems  or  reference  books 
for  self-study. 

9.  Inferior  pupils  should  be  improved,  giving  them 
extra-problems  to  be  solved  by  themselves,  and  answering  their 
questions  in  a  separate  room,  if  necessary,  either  by  trying 
them  questions,  or  by  some  other  means. 

10.  The  following  errors  which  are  liable  to  be  com- 
mitted by  inferior  pupils,  should  be  corrected  in  such  ways 
as  to  impress  them  deeply  : 

(«)  fr  +  &''  =  9,     .-.     ci  +  b  =  3 

(h)  '/6775  =  2.5V0:5,  or  153  +  54i/T  =  207-/'3 

(c)  Va  —^ab  +  h' =a—V  3«F+  b 

(d)  a(J)-^cY  —  {ab-{-ac)-,  or  aVh  +  c=Vah-\-ac 

(e)  A  square  millimetre  =  a  millimetre  square. 
(/)  Stt +147r  =  19;r-^ 

9.8 
(g)     ,^^4;r^x9.8 


(0 


X  y  xy 


(./)     —  +  —  =  3     .-.     3x-4-2.r  =  3 
2      3 
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(A:)     3x8  =  24,  24  +  5=29.     This  is  often  written 
3x8  =  24  +  5=29. 

(?)     8a--3a;  =  15  =  5a;=15=a;=3, 
n  _  c  _a-\-h  _cA-d 
T'^d"     h     ~     d 

(m)     Omission  of  equation  marks. 

Text-books. — Excepting  algebra  in  the  preparator}'  coiu'se 
and  trigonometr}',  all  the  text-books  of  mathematics  in 
preparatory  military  schools  were  compiled  by  the  teachers 
and  have  been  used  in  common  at  different  schools.  Each 
text-book  is  so  compiled  as  not  to  accomplish  all  its  object 
independently  of  one  another,  but  to  complete  the  study  of 
each  mathematical  branch  after  all  the  branches  have  been 
finished.  To  give  an  example,  in  the  text-book  of  arithmetic 
many  subjects  are  omitted  to  be  appropriately  treated  in 
algebra,  geometry,  trigonometry,  analytical  geometry,  or  me- 
chanics, so  that  there  are  not  a  few  places  in  the  latter 
branches  where  the  pupils  are  taught  as  in  mere  arithmetic. 
More  detailed  accounts  are  given  below  : — 

Difficult  problems  in  arithmetic  are  refeiTed  to  equations 
in  algebra,  complicated  operations  in  recurring  decimals  to 
geometrical  progi'ession  in  algebra,  compound  interest  to 
logarithm  in  algebra,  area  and  volume  to  j)lane  and  solid 
geometry.  Further,  all  problems  that  have  close  relations 
to  arithmetic,  such  as  the  apphcation  of  the  binomial 
theorem  and  logarithm  in  algebra,  the  estimation  of  height, 
distance,  and  area  in  tiigonometry,  and  the  practical  pro- 
blems in  mechanics  that  require  arithmetical  calculation,  are 
treated  as  tlie  higher  parts  of  arithmetic.  In  algebra,  theo- 
retical part  of  equations  is  briefly  treated,  but  the  subject 
is  taken  up  again  in  analytical  geometry,  where  the  analy- 
tical interpretations  of  equations  and  their  solutions  are  given 
at  the  same  time.  Incommensurable  quantities  are  slightly 
touched,  while  progression  and  probability  are  discussed 
more  fully. 
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Ill  geometry,  a  special  lolan  lias  been  adopted  as  tlie 
result  of  inquiries :  If  theoretical  explanations  are  given 
from  the  beginning,  as  in  any  ordinary  text-book  of  geo- 
metry', so  as  to  adopt  a  method  of  strict  reasoning  to  what 
common  sense  easily  recognizes,  some  of  the  pupils  may 
possibly  be  surprised  and  misled  to  study  geometry  by 
reciiatioii  only.  To  avoid  this,  the  pupils'  power  of  under- 
standing has  been  constantly  kept  in  view  in  compiling 
text-books,  so  that  even  the  names  of  theorem  and  corollary 
have  been  omitted  in  the  initial  part  of  plane  geometry,  and 
theorems  such  as,  for  instance,  vertical  opposite  angles  are 
equal  to  one  another,  are  not  proved,  but  are  taught  simply 
as  facts.  On  the  other  hand,  special  care  is  taken  for  the 
apphcation,  so  that  the  properties  of  straight  lines  and  angles 
are  so  treated,  as  far  as  possible,  as  to  be  apj)licable  to 
geometrical  drawing  and  surveying,  triangular  rulers  contain- 
ing angles  of  30*^  or  45°  and  protractors  being  also  allowed 
to  be  used  under  certain  conditions.  After  a  while  the 
pupils  will  advance  a  little  higher  and  begin  to  take  interest 
in  the  study,  and  then  the  formal  methods  of  theorems, 
corollaries,  proofs,  and  so  on  are  introduced.  As  regards  the 
distribution  of  theorems  and  exercises,  ordinary  text-books  of 
georaetiy  are  so  compiled  as  to  make  the  teacher,  not  in 
few  cases,  instil  into  the  pupils'  minds  many  theorems  in 
succession  and  then  give  them  lots  of  exercises  at  a  time. 
In  following  this  method,  it  wiU  sometimes  tax  the  brains 
of  pupils  too  much,  and  so  in  the  text-book  used  at  the 
I)reparatory  military  schools,  what  are  to  be  taught  as  theorems 
liy  the  teacher  and  what  are  to  be  given  to  j)upils  as  exer- 
cises are  mixed  up  together  and  consequently  instead  of 
expressing  theorems  in  the  form  of  propositions,  they  are 
often  given  in  the  form  of  questions,  which  are  to  be  studied 
and  solved  by  the  pupils  themselves.  Liconveniences  as 
naturally  arise  in  applying  important  theorems  given  in  the 
form  of  questions  will  be  wiped  away  by  preparing   a  sepa- 
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rate  pamphlet  entitled  "  Synopsis  of  Matlieiuatics,"  in  which 
the  tlicorems  ai'e  of  course  expressed  in  the  form  of  pro- 
positions. 

As  regards  i)ro[)ortion,  it  is  tanght  in  geometry  immedi- 
ately after  ratio  and  pro^x^rtion  in  algebra  liave  been  iiuished. 
Lines  and  angles  are  considered  therein  as  mere  quantities 
and  their  respective  ratio  an  algebraical  quantity,  so  that  the 
study  of  geometrical  ratio  is  not  sej^aratel}'  ti-eated.  Lastly, 
it  must  be  added  that  many  complicated  problems  on  loci 
are  left  to  analytical  geometry. 

In  ti'igonometry,  the  trigonometrical  functions  of  small 
angles  are  amongst  others  very  important  as  a  preliminary 
military  education,  so  that  many  problems  concerning  it  are 
given  outside  the  text-book.  Tlie  application  of  logarithmic 
table  is  fii'st  taught  in  algebra,  next  in  tlie  calculation  of 
area  and  volume  in  geometry,  and  lastly  it  is  re]^>eatedly 
drilled  in  trigonometiy,  together  with  trigonometrical  tables, 
while  the  use  of  slide-rule  is  taught  at  a  proper  place.  In 
this  wa}',  the  instruction  concerning  numerical  calculations 
is  completed. 

In  analytical  geometiy,  straight  lines  and  circles  are 
discussed  at  fii'st  as  in  any  ordinary  text-book,  and  then 
comes  to  the  proper  part  of  conic  sections.  Every  opportu- 
nity is  taken  for  discussing  those  subjects  which  were  only 
slightly  touched  in  other  elementary  branches,  full  discussions 
on  loci  and  equations  being  given  in  this  way. 

In  mechanics,  screw  motion  and  projectile  are  treated 
more  or  less  minutel}",  as  they  are  very  important  as  pre- 
paratory militaiy  education.  Here  the  discussion  of  the 
quadratic  equations  and  the  arithmetical  progi'ession  in  algebra 
and  of  the  problems  relating  to  the  solutions  of  triangles  in 
plane  trigonometry  find  their  proper  places  of  application  in 
ti-eating  the  uniformly  accelerating  motion  and  the  parallelo- 
gram of  forces  respectively. 
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"  Synopsis  of  Mathematics." 
This  pamphlet  is  compiled  in  order  to  help  tlie  pupils  to 
remember  fundamental  facts  in  mathematics  and  to  give 
them  facility  in  applying  them  in  theoretical  as  well  as 
practical  studies.  Each  pupil  is  made  to  take  this  pamphlet 
with  his  text- book,  putting  the  former  in  the  pouch  attached 
to  the  underside  of  the  cover  of  the  latter.  The  synopsis 
contains  important  formulae,  theorems  and  other  things  wdiich 
are  furanged  synthetically,  the  tables  of  compound  numbers 
being  added  at  its  end.  The  matters  concerning  the  pre- 
paratory course  are  given  in  print,  blank  pages  being  left 
beyond.  The  latter  part  of  the  x>ages  is  used  by  the  j)upils 
to  write  down  equally  important  matters  wliich  are  to  be 
found  in  their  higher  course  in  the  central  school. 

Object  Lesson  and  Mathematical  Apparatus. 
To  let  the  f)upils  form  correct  idea  as  regards  the  number 
of  an  assemblage  at  a  glance,  the  following  method  has 
been  devised :  To  make  the  pupils  form  correct  ideas  of 
large  numbers,  such  as,  1000,  10000  and  so  on,  a  hanging 
tablet  on  which  1000  or  10000  small  circlets  are  described, 
is  held  up  before  them  and  they  are  made  to  guess  the 
number  of  the  circlets,  these  circlets  being  arranged  in  dif- 
ferent manners  such  as  in  a  curved  line  or  in  a  zigzag  line. 
These  guessings  are  very  imj)ortant  for  cadets  in  order  to 
be  ti'ained  in  calculating  the  number  of  persons  in  a  large 
crowd  at  a  glance.  Fm-ther  the  pupils  are  educated  to 
measure  distance,  area,  height  and  the  angle  of  inclination 
of  an  ascent,  the  time  they  spend  in  taking  walks  in  the 
country  or  in  going  out  for  excursions  being  used  for  the 
purposes.  The  area  of  the  school  compound,  the  distances 
between  diiferent  objects  in  it,  and  the  inclination  of  the 
ascents  within  the  enclosure  ai'e  measured,  the  values  thus 
obtained  being  i)^^^  on  lx)ards  or  wooden  pegs  in  the  im- 
mediate neighbom^hood.     In  the  recreation    room,    appliances 
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for  wojgliiug  and  measuring  m-e  provided,  giving  pupiLs 
opportunities  for  being  practised  in  weighing  and  measuring. 
Besides,  a  slide-rule  is  given  to  each  pupil,  and  its  use 
taught  dming  tlie  last  two  weeks  of  summer  vacation,  Avhich 
are  spent  at  tlie  sea  side  for  swimming  exercise.  The  time 
is  considered  to  be  opportune,  as  it  is  just  after  the  pupils 
have  been  trained  in  the  use  of  logarithmic  table  in  the 
latter  part  of  tlie  first  year  of  the  main  course. 

Interest  taken  in  Mathematics. — To  get  rid  of  the  aver- 
sion of  pupils  to  mathematics  and  induce  them  to  take 
interest  in  its  study,  various  means  ai-e  used  such  as, 
giving  interesting  problems  to  the  x^^^pil^s  from  time  to 
time,  letting  them  play  mathematical  games,  and  so  on. 
With  regard  to  reference  books,  those  in  Japanese,  such  as, 
the  Jinkbhi,  the  Kanja-otoyizoshi,  the  Sanpodojimon,  etc., 
which  were  in  use  before  the  Restoration,  have  great  influ- 
ence in  exciting  the  curiosity  of  the  pupils  for  mathematics, 
wlule  those  in  foreign  languages  being  well  known  are  not 
given  here.  History  of  mathematics  promotes  also  the  inter- 
est of  pupils  for  mathematics  and  makes  them  put  more 
weight  to  the  study ;  consequently  foot-notes  are  appended 
to  the  text-books,  where  the  names  of  Thales,  Pythagoras, 
Arcliimedes,  Kowa  Seki  (a  famous  Jajjanese  mathematician, 
1642-1708)  etc.  are  to  be  found. 

Relations  between  Mathematics  and  Other  Branches. — 
Plane  geometry  and  geometi-ical  drawing  are  two  subjects 
which  are  for  the  first  time  taught  side  by  side  in  the  second 
year  of  the  preparatory  course.  As  has  been  stated,  the 
text-book  of  plane  geometry  is  so  compiled  in  its  beginning 
as  to  be  taught  including  geometi'ical  drawing,  so  that  the 
theoretical  part  of  di'awing  is  explained  as  far  as  possible 
in  plane  geometry,  only  the  practical  part  of  geometrical 
drawing  and  methods  of  solving  certain  problems  being  left 
untouched. 

As  to  the  relations  between  mechanics,    as    a    branch   of 
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applied  mathematics,  and  science  (in  preparatory  military 
scliools  pli^'sics  and  chemistry  are  not  taught  as  separate 
subjects,  but  these  two  branches  of  science  and  mineralogy 
are  united  into  one  subject  under  the  name  of  science),  only 
qualitative  explanations  of  dynamical  part  of  the  text-book  in 
science  are  given  in  the  first  3'ear  of  the  main  course,  quan- 
titative discussion  being  given  in  mechanics  as  a  branch  of 
applied  mathematics  in  the  second  year  of  the  same  course. 

As  the  stud}^  of  mathematics  in  preparatory  military 
schools  should  also  have  the  general  character  deemed  neces- 
sary for  preparatory  military  education,  their  text-books 
contain  matters  which  have  close  connections  with  topography, 
fortification,  and  technology  of  arms,  consequently  problems 
of  this  natiu-e  being  much  added  to  it,  as  problems  of  pro- 
bability and  logarithms  in  algebra,  problems  of  height  and 
distance  in  trigonometry,  and  the  motion  of  projectiles  in 
mechanics. 

Regarding  the  relations  existing  between  mathematics 
and  logic,  strict  logical  drill  is  dispensed  with  in  the  begin- 
ning of  geometiy  as  it  is  to  be  treated  fiilly  in  logic.  For 
this  purpose,  the  text-book  of  logic  is  so  compiled  as  not  to 
contradict  with  the  explanations  given  in  mathematics  and 
to  make  up  for  what  have  been  left  untaught  in  the  latter, 
mathematical  explanations  and  demonstrations,  as  the  pupils 
advance  in  their  knowledge,  being  made,  as  far  as  j)ossil:)le, 
according  to  strict  logical  reasoning. 

As  to  the  relations  betr^een  mathematics  and  foreign 
languages,  principal  technical  terms  found  in  the  text-books 
are  translated  into  French,  German,  and  Russian,  and  each 
pupil  is  expected  to  rememl^er  the  equivalents  in  the  lan- 
guage he  is  studying. 

The  reading  of  integers,  decimals,  fractions  and  other 
expressions  and  the  names  of  cerbxin  geometrical  figures  are 
also  taught  in  foreign  langaiges,  whereby  use  is  made  of 
hanging  tables  prepared  for  tliis  purpose. 
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CHArTER     V. 

Instractors  of  Mathematics. 
Instructors  of  mathematics  in  the  preparatory  scliools 
should  be  tlie  graduates  iu  mathematics  in  the  Imperial 
Univei'sity  or  those  persons  who  possess  licenses  for  teaching 
mathematics  in  the  middle  school.  Besides  them,  persons 
who  have  been  especially  recognized  by  the  school  are  some- 
times employed. 


SECOND  PART. 

Present  Tendenx'ies  es"  the  Teaching  of  Mathematics. 

CHAPTER     I. 

Ideas  concerning  School  Organization. 
As  has  been  stated  in  Part  I,  the  mathematical  instruc- 
tion in  the  preparatory  military  school  has  an  aim  which 
differs  in  some  respects  from  that  of  any  other  schools  under 
the  direct  control  of  the  Department  of  Education,  and  has 
been  adapted  to  accord  with  its  aim.  Improvements  having 
been  made  from  time  to  time  in  its  text-l)ooks  and  method 
of  teaching  in  the  past  decade,  it  is  now  believed  that  there 
is  no  more  need  for  reforming  the  present  status  of  organi- 
zation. 

CPAPTER     n. 

Present  Tendencies  concerning  the  Aim  and  Subject- 
matter  of  Instruction. 

As  has  been  pointed  out  in  Chapter  11  of  the  first  Part, 
the  Subject-matter  of  teaching  has  been  adopted  by  dis- 
pensing with  those  unnecessary  and  uninteresting  parts  of 
each  suliject ;    but    those    parts  which  are   professional]}'  im- 
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portant  find  interesting  liave  been  included,    in   as   much  as 
the  present  tendencies  have  been  realized  in  acttial  practice. 

CHAPTEK     ni. 

Examinations. 
There    is    no    necessity    whatever    of    dispensing  with  or 
modifying  tlie  existing  methods  of  examinations. 

CHAPTEK    IV. 

Methods  of  Teacliing. 

As  has  been  remarked,  any  plan  which  is  believed  by 
teachers  to  improve  the  existing  methods  of  teaching,  having 
been  recognized  by  the  authorities,  it  will  be  better  to  re- 
consider what  has  been  stated  in  Chapter  IV  of  the  first 
Part,  as  it  would  reflect  the  present  tendencies  concerning 
the  methods  of  teaching. 

Owing  probably  to  the  result  of  the  late  reform  in  the 
teaching  of  arithmetic  in  elementary  schools,  the  attainments 
in  actual  calculation  of  the  pupils  who  were  admitted  into 
the  preparatory  military  school,  have  been  gradually  on  the 
decrease,  and  consequently,  although  much  time  has  abead}^ 
been  allotted  to  arithmetical  calculation,  it  would  be  desira- 
ble to  increase  the  time  for  the  same  purpose  still  more. 
The  logarithmic  calculation  is  at  present  taught  in  the  first 
year  of  the  main  course,  but  there  is  a  tendency  to  com- 
mence it  one  year  earlier,  when  powers  and  surds  in  algebra 
have  been  finished,  that  is,  in  tlie  last  term  of  the  tliird 
year  of  the  preparatory  course,  and  it  has  actually  been 
fixed  to  teach  it  in  the  beginning  of  the  first  year  of  the 
main  course.  As  regards  the  use  of  the  slide-rule,  it  is 
much  desired  to  enlarge  the  field  of  practical  application. 

The  change  in  the  way  of  expressing  decimal  sign  and 
the  form  of  operations  in  division  in  elementary  schools  have 
brought  their  effects  upon  the  military  school  also,  and  the 
teachers  in  tlie  latter   are   experiencing    not    a    little    incon- 
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venience,  so  that  they  are  expecting   for    an    opportunity   to 
discuss  on  this  subject. 

CHAPTER    V. 

Instructors. 
The  school  has  no  provision  for  training  its  own  instnic- 
tors,  nor  has  it  any  such  hope  or  chance  ;  but  in  order  to 
improve  the  method  of  teaching  in  the  sense  of  making  it 
more  practical  and  interesting,  it  is  desired  that  teachers  of 
mathematics  should  not  only  be  acquainted  with  differential 
and  integral  calculus,  but  also  be  well  versed  in  physics 
and  dynamics,  and  particularly,  in  machines  and  machinery. 
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THE  MILITARY  ARTILLERY  AND 
ENGINEERING  SCHOOL. 

FIRST  PART. 

Present  State  of  the  Organization  and  the  Method 
OF  Mathematical  Instruction. 

CHAPTER    I. 

The  Nature  of  the  Schcx)l  and  its  Organization. 

This  school  has  been  established  by  the  Imperial  Ordi- 
nance for  admitting  junior  officers  (sub-lieutenants  and 
lieutenants  and  sometimes  captains)  of  artillery  and  engi- 
neering and  teaching  them  those  subjects  which  form  the 
foundation  of  the  military  knowledge  particularly  necessary 
to  these  departments  of  the  army.  Tlie  officers  of  the  two 
departments  just  mentioned  must  obligatorily  complete  the 
course  of  study  of  this  school. 

Tliis  school  contains  two  courses,  namely  the  general 
course  of  one  year  and  the  higher  course  of  the  same  dura- 
tion. Out  of  those  who  have  finished  the  general  course,  a 
number  of  students  of  excellent  scholarship  are  selected  and 
admitted  into  the  higher  course.  Among  those  who  have 
completed  the  higher  course,  a  few  of  very  excellent  scholar- 
ship are  selected  from,  and  are  allowed  to  pursue  a  post- 
graduate course  of  more  than  six  months  in  mathematics, 
physics,  chemistry,  and  languages,  and  then  sent  to  the 
Faculties  of  Science  and  Technology  in  the  Tokio  Imperial 
University  for  further  studies.  Two  tables  follow  ;  one  shows 
the  relations  between  this  school  and  other  military  schools, 
and  the  other  the  corresponding  classes  in  diflferent  schools 
with  respect  to  mathematical  instructions : — 
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The  average  ages  of  the    students    according    to    the    in- 
quiries made  in  December  1910  are  as  follows :  — 

27  years  7  months Post-gi-aduate  course 

25     „      0      „  :  .  .  . .  Higher  course  of  artillery 

25     ,,      0      „        Higher  course  of  engineering 

23     „    11      ,,        General  course  of  artillery 

23     „      8      „        General  course  of  engineering. 


CHAPTER    n. 

Aim  and  Subject-matter  of  Mathematical  Instruction. 

The  principal  object  of  teaching  mathematics  in  this 
school  is  to  give  the  students  attainments  necessary  for 
understanding  all  the  branches  of  study  which  are  essential 
to  military  sciences.  The  subject-matter  of  mathematical 
instruction  must  change  in  accordance  with  the  progress  in 
the  aforesaid  branches  of  study.  The  general  tendency  is  to 
go  on  higher  and  liigher  as  civilization  advances.  Li  all 
cases,  however,  the  object  of  mathematical  instruction  is  to 
give  logical  ti-aining,  and  at  the  same  time,  ability  for  mak- 
ing practical  applications. 

The  subjects  of  study  and  the  number  of  hoin-s  assigned 
are  given  lielow.  Hereby  it  is  to  be  remarked  that  applied 
mathematics  is  included  herein.  The  school  year  begins  on 
the  first  of  December  and  ends  in  the  latter  part  of  October 
next  3"ear.     One  lesson  means  one  hour  and  a  half. 

General  Course  of  Artillery. 


Subjects 

Details  of  lessons 

Number 
of  lessons 

Number 
of  hours 

Analytical 

(Plane)  Point,   straight  line,  circle, 

30 

45 

geometry 

ellipse,  hyperbola,  parabola,  (poles  and 

•A 

polars  are  omitted). 

(Solid)  Straight  line,  plane. 

Calculus 

Limits,     differentiation     of    simple 
functions,  expansion   of    functions    of 

28 

42 
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Subjects 


Details  of  lessons 


Number 
of  lessons 


Number 
of  hours 


Probability 

and  theoiy 

of  errors 


Dynamics 


single  variable,  indeterminate  forms, 
maxima  and  minima  of  functions  of 
single  variable.  Integration,  indefinite 
integrals,  definite  integrals,  geome- 
trical and  dynamical  applications  (area 
and  length  of  curves,  surface  and 
volume  of  solid  of  revolution,  centre 
of  gravity,  moment  of  inertia),  double 
integrals. 

Definition  of  probability,  addition 
and  multiplication  of  probability,  pro- 
bability of  compound  events,  probabili- 
ty of  causes,  law  and  formula  of  proba- 
bility of  errors,  various  kinds  of  errors, 
probability  integral,  law  of  propagation 
of  errors,  general  theorem  relating  to 
the  deviation  of  projectiles. 

Units,  rest  and  motion,  uniformly 
accelerated  motion,  circular  motion, 
simple  harmonic  motion,  force,  mo- 
mentum, laws  of  motion,  gravity, 
work,  energy,  friction,  equilibrium 
of  forces,  centre  of  gravity,  simple 
machines,  elastic  bodies,  motion  of 
fluid,  motion  of  particles,  impulse, 
equations  of  motions  of  rigid  bodies, 
moments  of  inertia. 


15 


22.5 


36 


54 


Higher  Course  of  Artillery. 


Solid 

Speciil  kinds  of  qunchrics,  the  discus- 

5 

7 

analytical 

sion  of  general  equations  of  the  second 

geometry 

degree. 

Calculus 

Mean  value  theorem,   higher   differ- 
ential co-efficients  of  functions  of  many 
variables,  expansions  of   functions  of 

29 

43 

30 
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Subjects 


Details  of  lessons 


Number 
of  lessons 


Number 
of  horns 


Probability 

and  theory 

of  errors 


Rigid 
dynamics 


many  variables,  maxima  and  minima 
of  functions  of  two  variables,  geome- 
trical applications  (tangent,  normal,  as- 
ymptote, double  point,  curve  tracing, 
curvature  and  radius  of  curvature,  en- 
velope). Integration  of  rational  and 
irrational  functions,  successive  inte- 
gration, geometrical  applications  of 
double  integrals  (area  of  plane  curves, 
area  of  curved  surface  and  volume  of 
solids). 

Ordinary  differential  equations,  line- 
ar differential  equations  of  the  second 
order,  integrations  by  series,  general 
theorem  on  total  and  partial  differ- 
ential equations. 

Stirling's  formula,  Bernoulli's  theo- 
rem and  its  inverse,  probability  of 
continuous  quantity,  method  of  least 
squares,  direct  observation  of  single 
quantity,  indirect  observations  of  sev- 
eral quantities,  empirical  formulae. 

Moments  of  inertia,  principle  of 
D'Alembert,  motions  in  one  plane, 
Euler's  equations  of  motion,  motion 
of  top,  equations  of  Lagrange. 


12 


26 


39 


General  Course  of  Enorineerins. 


Aniilytical 

(Plane)     Same    as    in    the    general 

46 

69 

geometry 

course  of  artillery. 
(Solid)     Omitted. 

Calculus 

Same   as   in    the   general   course  of 
artillery,  but  indeterminate  forms  and 
double  integrations  are  omitted. 

ART.  xin.] 


ARMY  DEPARTMENT 


31 


Subjects 

Details  of  lessons 

Number 
of  lessons 

Number 
of  Lours 

Dynamics 

Same   as   in   the    general  course  of             30 
artillery. 

■15 

Hiiilior  Coui-se  of  Enarineerino:. 


Solid 
analytical 
geometry 

Calculus 


Spherical 
trigono- 
metry 

Probability 

and  theory 

of  errors 


Dynamics 


Straight  lines,  planes,  special  kinds 
of  quadrics. 

(3rders  of  infinitesimal,  indetermi- 
nate forms,  higher  differential  co- effi- 
cients of  functions  of  many  variables, 
expansion  of  functions  of  two  variables, 
geometrical  applications  (curvature 
and  ra<lius  of  curvature,  envelope, 
roulette). 

Integration  of  rational  and  irration- 
al functions,  successive  integration, 
double  integral  and  its  geometrical 
applications  (area  of  plane  curves,  area 
of  curved  surfaces,  volume  of  solids). 

Ordinary  differential  equations,  linear 
differential  equations  of  the  second 
order,  simultaneous  differential  equa- 
tions. 

Fundamentiil  formulae,  conjugate 
formulae,  formulae  of  D'Alembert  and 
Napier,  solutions  of  right-angled  and 
oblique  angled  triangles. 

Definition  of  probability,  addition 
and  multiplication  of  probabDity,  pro- 
bability of  compound  events,  law  and 
formula  of  errors,  various  kinds  of 
errors,  direct  observation  of  single 
quantity,  indirect  observations  of  sever- 
al quantities,  conditional  observations. 

Motion  of  a  rigid  body  in  a  plane, 
centrodes,  friction  wheels,  toothed 
wheels,  cam,  belt,  linl<  motions,  theo- 
rem of  Bernoulli,  water-dam  and  the 
quantity  of  water  at  the  exit,  motion 
of  water  taking  friction  into  account. 


26 


10 


14 


7.5 


39 


15 


21 
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Kemark.     In   proving    the    principles    of    probability    and 
dynamics,  use  is  made  of  the  calculus. 

The  mathematical  subjects  of  the  post-graduate  com*se  are 
higher  algebra,  analytical  geometry,  calculus,  and  dynamics. 
The  object  of  teaching  them  is  to  supplement  the  knowledge 
the  students  have  already  acquired  in  the  general  and  higher 
courses.  The  time  given  to  these  studies  is  from  the  first  of 
December  to  the  later  part  of  July  next  year. 

The  subjects,  text-books,  and  the  number  of  lessons  are, 
at  present,  as  follows  : — 

Subjects  Text-books  ^^"^'^^"^  ^i™^^' 

""  of  lessons  of  hours 

i  Smith — A  Treatise  on  Algebra.       \   about 
Burnside    &    Panton — Theory     of  I     36         54 
Equations.  ) 

Analytical  jPuckle — Conic  Sections.  l 

geometry   (Aldis— SoHd  Geometry.  J       " 

/Todhunter — Differential   and   Lite- 

gi-al   Calculus. 
I  Williamson — Differential    and    Li 
y     tegral  Calculus. 
Dynamics ..  Williamson  and  Tarl ton — D.ynamics.    ,,  ,, 

Although  students  are  expected  to  learn  from  text-books, 
yet  teachers  give  lectm-es  on  cei-tain  topics  in  detail,  in  order 
to  make  the  mathematical  knowledge  of  the  students  sure 
and  conect. 

CHAPTER    m. 

Examinations. 

Tlie  education  of  this  school  is  compulsory,  and  no 
entrance  examination  is  held. 

The  examination  in  mathematics  is  chiefly  a  written  one 
and  is  commonly  held  once  after  every  ten  lessons,  and  as 
its    object    is    to    test    the    ability    for  practical  applications. 


Calculus . 
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students  are  cliiefl}'  oxamiiiod  in  solving  pnictical  problems, 
rather  tlinn  on  the  facts  tliej  liave  learned  in  their  text-hooks, 
and  consequently  they  are  sometimes  allowed  to  bring  not  only 
the  text- books,  the  collection  of  formulae,  and  so  on,  but  also 
their  note-books. 

CHAPTEll    1\. 

The  Methods  of  Teaching. 

As  regards  the  methods  of  teaching  in  this  institution, 
each  insti'uctor  writes  the  text-book  for  the  subject  which  he 
is  going  to  teach,  and  explains  it  to  the  students  in  the 
class-room,  supplementing  orally  what  is  wanting  m  it. 
Sometimes  the  students  are  asked  on  some  subjects  or  are 
requested  to  explain  some  mattei^s  in  the  text,  and  so  on. 
Problems  are  generally  given  to  them  to  be  solved  in  the 
class-room,  but  sometimes  they  are  given  as  home  exercises. 
Reference  books  differ  according  to  the  foreign  languages  the 
students  are  studying,  Ijut  are  chiefly  selected  from  among 
the    lx)oks    of  mathematics  in   English,    French,    or  German. 

When  an  insti-uctor  teaches  a  text-book,  he  makes  full 
explanations  regarding  what  is  hard  to  comprehend  or  liable 
to  misunderstanding,  never  forgetting  to  give  cautions  by 
some  appropriate  means. 

Tliose  who  study  analytical  geometry  for  the  fii'st  time, 
are  liable  to  consider  an  equation  and  its  locus  to  be  the 
same  thing,  and  tliis  l)rings  about  not  a  little  difficulty  to 
tliem.  This  may  be  owing  to  the  fact  that  the  ideas  of 
elementary  geometry,  they  have  already  learned,  alone  liave 
tixken  the  firm  possession  of  their  minds,  and  consequently 
they  will  luive  difficulties  in  connection  with  analytical 
problems  of  loci.  Therefore,  in  solving  the  problems  relating 
to  sti'aight  lines  or  circles,  there  may  he  some  students  who 
solve  them  hj  an  elemeniary  geometrical  method  and  then 
write  down  the  equations  for  them,  or  in  finding  the  equa- 
tion of  a  locus,  even    it    contains    the    variable    besides    the 
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ciUTeut  co-ordinates,  they  do  not  eliminate  them  and  say  at 
once  that  it  is  a  certain  kind  of  a  curve,  and   so  on. 

As  to  calculus,  there  is  a  considerable  difficulty  in  instil- 
ling its  fimdamental  ideas  into  the  minds  of  the  students, 
and  so  the  instructors  should  do  their  best  to  put  away  with 
this  difficulty.  It  will  be  wrong  to  have  recource  to  pro- 
found theories,  but  it  will  be  equally  wi-ong  to  try  to  ac- 
complish this  object  only  by  calculations,  and  what  should 
}je  done  might  be  the  mid- way  between  the  above  two,  tliat 
is,  combining  theory  with  practice.  Sometimes  such  students 
are  met  with,  who  make  mistakes  in  finding  the  differential 
co-efficients  of  functions,  such  as, 

(/cos — 

:sni =6"'. 


(Ix  2  dx 

Similarly  a  few  students    may  confound    the  variable  {x)    of 
integral  and  x  of  the  limit  with  each   other. 

Regarding  the  theory  of  probability,  many  mistakes  Avill 
be  made  in  its  addition.  To  give  an  example  or  two,  there 
may  occur  cases  where  the  value  of  probabihty,  as  the  result 
of  addition,  becomes  greater  than  1 ;  and  in  writing  down  the 
problems,  gi*eat  care  should  Ije  taken,  otherwise  there  can 
occur  two  or  more  solutions — it  should  not  be  forgotten  to 
state  that  the  formula  of  Gauss  in  the  method  of  least 
squares  is  founded  on  mere  supposition,  for  otherwise  the 
result  coming  out  of  its  application  may  be  looked  upon  by 
many  as  a  truth. 

As  to  dj'namics,  the  solutions  of  its  prol)lems  will  be 
made  easier  than  otherwise,  if  we  apply  calculus  in  solving 
them ;  but  their  meaning  may,  not  in  few  cases,  be  obscm-ed 
by  doing  so,  and  so  it  must  be  stated  here  that  there  is  a 
necessity  to  give  sufficient  interpretations  from  that  stjxnd- 
point. 

As  models  are  indispensable  in  teaching,  those  concern- 
ing   mathematics    or    machinery    are    collected,    witli    which 
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explanations  arc  given  in  order  to  let  the  stndeuts  rec'()o;iiize 
by  themselves  the  various  Avays  of  applying  mathematics  to 
practical  uses. 

The  subject-matter  of  mathematics  taught  in  this  school 
should  advance  as  military  sciences  develop,  but,  as  the 
time  allott(Kl  to  the  study  is  comparative! 3'  limited,  a  special 
method  of  teaching  has  been  adopted.  All  mathematical 
subjects  in  one  class  being  taught,  by  one  teacher,  sonic  of 
them  which  have  intimate  relations  among  themselves  can 
l)e  combined  together  into  one.  To  citie  ah  instance  or  two, 
in  finding  the  equation  of  a  parabola  in  analytical  geometry, 
i.e.,  y  =  nx-  +  hx+c,  the  curve  is  explained  as  the  path  of  a 
projectile  in  a  vacuum  in  dynamics  as  well  as  in    ballistics. 

<'    •'"  (Ix  is  com- 

puted,  it  is  explained  tliat  it  represents  an  important 
integi-al  in  the  calculus  of  probability'-,  i.  e.,  prol)ability  inte- 
gi-al,  and  fuiiher,  tliat  it  is  ver}--  imx)ortant  to  the  study  of 
the  j)rinciple  of  filing  in  gunnery.  Lastly,  in  the  case  of 
the  motion  of  a  top  the  attention  of  the  stiidents  is  called 
on  to  tlie  equation  of  the  motion  of  a  projectile  about  the 
centre  of  gi-avity  in  l)allistics,  and  so  on. 

As  the  teaching  of  all  Ijranches  of  applied  mathematics 
is  a  special  feature  in  this  school,  it  is  necessaiy  to  keep 
close  connections  with  all  branches  of  other  applied  sciences, 
or,  in  a  word,  whole  energy  should  be  directed  towards  this 
point.  To  enumerate  here  the  applications '  of  mathematics  in 
tliis  institution,  analytical  geometiy  is  applied  to  bjillistics, 
strengtli  of  materials,  and  a  pai't  of  gunnery  in  the  artillery 
course,  and  to  a  part  of  bridge  land  strength  of  materials  in 
the  engineering  course  ;•  calculus  is- applied  fully  i]i  dynamics, 
and  consequent!;^  lias  close  relations  witli  ballistics,  the  theo- 
ry of  wheels,  of  guns,  strengtli  of  materials,  and  the  theory 
of  machines  in  the  artillery  course ;  ])robability  and  the  theo- 
ry of  eiTors   have  close  connections  with    all    th(3   theories  of 
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gunnery  in    the    artillery    course    and    the    theories    of  land 
surve.yino;  in  tlie  engineering  course. 


SECOND  PART 

Tendencies  in  the  TEACHiNff  or  Mathematics. 

CHAPTER     I. 

Ideas  concerning  School  Organization. 
As  the  mathematical  instruction  in  this  school  is  organ- 
ized with  the  object  of  applying  it  to  military  sciences,  it 
can  not  he  avoided  that  the  kinds  of  subjects  and  the  dis- 
tribution of  teaching  hours  differ  from  tliose  of  the  schools 
under  the  direct  control  of  the  Department  of  Education, 
some  subjects  going  earlier,  some  later,  more  time  being 
allotted  to  one  subject,  less  to  another.  Since  this  aiTange- 
ment  had  first  been  made,  more  than  ten  years  have  elaj)sed 
and  it  has  gi-adually  been  improved  by  experiences  dming 
the  interval.  "  The  standard  Syllabus  of  the  Subject-matter 
of  Instruction  in  the  Artillery  and  Engineering  School "  was 
fixed  last  year,  as  the  result  of  labour  of  all  the  teachers 
who  collected  materials  and  consulted  u^xju  what  are  neces- 
sary and  what  unuecessaiy.  It  has  been  put  into  practice 
from  this  year,  and  though  its  satisfactory  result  has  not  3'et 
been  sufficiently  realized,  yet  it  is  believed  that  there  will 
be  no  more  need  of  revision. 

riL\PTEn   n. 

Present  Tendencies  in  the  Aim  and  the  Subject-matter 

of  Instruction. 
The  subject-matter  of  instniction  in  this  school  mentioned 
in  Chapter    11  of   the  first  I'art   has  been  adopted  according 
to  the    "  Standard  S^ilaljus  of  the  Subject-matter  of  Instruc- 
tion in  the  Artillery  and    Engineering  School,"    as  has  been 
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stilted  in  the  preceding  cliaptei".  In  C()nse(iuence  of  this, 
the  siibjects  wliicli  are  comparatively  unnecessary,  or  liave 
few  chances  of  aj^plication,  liave  l)een  omitted,  and  only 
tliose  Avhicli  ar(^  necessary  to  milibiry  sciences  liave  Ijeen 
detained ;  and  f  lU'therniore,  the  text-lxjoks  of  mathematics 
have  l)een  -vATitten  by  teacliers  of  mathematics  after  consulting 
the  opinions  of  the  teachers  of  other  branches  of  study 
wliich  have  close  relations  with  mathematics.  The  ojnnection 
l)etAveen  mathematics  and  applied  sciences  has,  therefore, 
l^ecome  closer,  and  this  may  be  looked  upon  as  the  present 
tendencies. 

("HAPTEK     m. 

Examinations. 
There    is    no    idea    wliatever   of   either   suppressing  com- 
pletely or  remodelling  the  existing  method  of  examinations. 

CHAPTl^R     1\. 

Method  of  Teaching. 
The  method  of  teacliing  given  in  the  fii-st  Part,  is  be- 
lieved to  l3e  a  suitable  one  i^^  lie  adopted  in  a  special  kind 
of  schawl  like  tliis,  and  what  is  to  be  regretted  is  the  fact 
that  the  fundamental  kn(^wledge  of  elementary  mathematics 
given  to  the  students  in  schools  of  lower  grade  is  too  poor 
to  Ije  directly  made  use  of  in  the  study  of  liigher  mathe- 
matics. To  state  more  fuUy,  the  students  are  very  unskilful 
in — n^\5^  they  hate — calculations  in  arithmetic ;  they  have 
almo-^t  forgotten  tlit^  method  of  solving  equations  in  algebra ; 
they  are  very  imskilful  in  logarithmic  calculations ;  they 
make  mistakes  in  applying  important  formulae  in  trigono- 
metry, and  so  on.  It  is  doubted  if  this  were  not  the  result 
of  teacliing  all  the  branches  of  study  too  theoretically  at  the 
middle  school,  and  especially  of  giving  too  difficult  problems 
in  geometry,  inducing  the  students  to  despise  the  simple 
calculations  in  algebra  and  ti'igonometry.     It  is  Ixilieved  that 
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simple  calculations  in  algebra  and  trigonometry  should  be 
taught  as  to  let  the  pupils  have  sufficient  interest  with  them 
by  the  proper  clioice  of  materials. 

CHAPTEll    V. 

Training  of  Instructoi-s. 
There  is  no  accommodation  to  educate  its  own  teachers 
as  there  is  no  necessity  to  do  so.  Notwithstanding  it  is 
hojoed  that  its  teachers  sliall  l)e  specialists  wlio  ]_x)ssess  higher 
knowledge  of  mathematics  and,  at  the  same  time,  are  skilful 
in  axjplied  mathematics,  es]_)ecially  in  d3'namics  and  applied 
mechanics. 
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THE  MILITARY  COLLEGE 

FIRST  PART 

Present  State  of  the  Organization  and  the  Methods 
OF  Mathematical  Instruction. 


CHAPTEil    I. 

The  Nature  of  the  Institution  and  its  Organization. 

This  institution  is  under  tlie  direct  control  of  the  General 
Staff  Office  and  has  for  its  object  the  teacliing  of  those 
sciences  relating  to  the  higlier  arts  of  war  to  the  3'oung 
promising  officers  (sub-lieutenants  and  lieutenants  of  all 
courses  in  the  army)  who  have  been  selected,  and  at  the 
same  time  improving  their  knowledge  in  all  Ijranches  of  study 
wliich  are  essential  to  the  researches  of  military  affaii-s. 

Though  there  are  tlu'ee  classes  in  the  college,  mathematics 
is  taught  only  in  the  first  two  years,  but  not  in  the  tliird. 

The  following  table  shows  parallels  in  the  classes  of  tliis 
institution  and  other  schools : — 

/  Officers  of  ! 

Infantry  Course 
Cavalry  Course 

■{Field  Artillery  Course 
Heavy  Artillery  Couise 
Engineering  Course 
Commissiiriat  Course. 


Military  College. 

1st 

2nd 

year. 

year. 

H 

igher  Middle  Scho 
(2nd  course). 

ol 

1st            -intl 

3rd 

year.         year. 

year. 

The    average    ages    of    the   students    according  to  the  in- 
quiries made  in  December  1010,  are  as  follows : — 
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27  yefii-s  6  months. 
29      „      4       „       . 
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First  year 
Second  year. 


CHAPTER     II. 


Aim  and  Subject-matter  of  Matiiematical   Instruction. 

Tlie  object  of  teaching  mathematics  in  tliis  institution  is 
to  promote  the  knowledge  of  tlie  students  still  further  than 
they  had  aheady  acquired  previous  to  their  being  admitted 
into  the  college.  In  other  words,  the  chief  aim  is  to  make 
the  brains  of  the  students  clear  and  make  them  versed  in 
logical  conce])tions.  It  is  not  necessary  to  teach  them  high- 
er special  subjects. 

The  schawl  woi'k  liegins  in  the  earlier  part  of  December 
and  ends  late  in  June  next  year.  One  lesson  means  one  hour 
and  half  or  sometimes  a  trifle  more.  The  subjects  of  study 
and  the  number  of  hours  are  as  follows : — 

First  year. 


Subjects 

Details  of  Lessous 

Number 
of  lessons 

Number 
of  hours 

Probability 

Definition    of    probability,    addition 
and  subtraction  of  probability,  mathe- 
jQatieal  expectation,    inverse   probabi- 
lity, probability  of  testimony,  geome- 
trical probability,  annuity,  miscellane- 
ous problems. 

30 

55 

Second  year. 

Analytical 

(Plane)  Point,    straight   line,  circle. 

30 

55 

geometry 

parabola,  ellipse,  hyperbola  (pole  and 
polar  included),  discussion  of  general 
equations  of  the  second  degree.     (Solid) 
straight    line,    plane,    sphere,    special 

kinds  of  quadrics. 

Text-lx)oks    are    compiled    by    teachei-s     of    mathematics 
every  year,  reference  books  being  left  at  the  students'  choice. 
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As  to  the  metliofl  of  tosicliiiig,  the  students  ;ire  fcxuglit 
l)oth  by  developing  and  infusing  the  princii>les  and  laws  of 
mathematics.  The  j)ractical  exercises  are  of  two  kinds,  ex- 
temixjrary  problems  and  home  exercises.  To  the  students 
wlio  have  finished  the  Aiiillery  and  Engineering  School  and 
have  comparatively  superior  knowledge  on  mathematics,  are 
given  more  or  less  difficult  problems. 

CHL^PTEK    in. 

Examinations. 

The  entrance-examination  is  subdivided  into  two  i)arts, 
the  preliminary  and  the  second  examinations. 

The  preliminaiy  examination  is  a  written  one  held  to 
test  the  attainments  of  the  candidates  for  admission.  It  is 
held  at  different  places  under  the  military  jiu'isdiction  of 
divisional  headquaters  of  the  Army,  being  fixed  by  their 
commanding  Generals.  The  examination  is  everywhere  held 
at  the  same  time  in  the  fii'st  ten  days  of  April.  The 
candidates  ai"e  examined  in  algebra,  geometiy,  and  trigono- 
metry at  a  standaixl  higher  than  the  gi-aduation  examination 
of  the  middle  school.  Those  who  have  passed  the  prelimi- 
nary examination  are  admitted  into  the  Military  College 
for  trial,  where  they  are  once  more  examined,  but  orally,  on 
the  same  subjects  as  in  the  preliminary  examination. 

Examinations  in  the  college  are  of  two  kinds ;  one  is  the 
oral  daily  examination  and  the  other  is  a  written  one.  Jii 
the  latter  case,  in  which  all  the  students  of  the  same  class 
are  examined  at  the  same  time,  they  are  permitted  to  use 
their  text-books  and  refer  to  other  manuals. 
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SECOND  PART 

Tendencies  in  the  Teaching  or  Mathematics. 

CHAPTEK    I. 

Ideas  concerning  Scliool  Organization. 
As  stated  in  Chapter  I  of  the  fii'st  Part,  the  study  of 
mathematics  in  this  institution  has  no  direct  relations  with 
mih'tary  sciences  and  its  primary  object  is  to  make  the 
brains  of  the  students  clear,  and  therefore  the  choice  of 
the  subjects  of  stud}'  has  been  made  free,  but  the  j)i'esent 
advanced  state  of  sciences  has  brought  its  direct  effects  on 
military  sciences  and  it  will  not  at  all  be  unnecessary  to 
say  that  the  scientific  knowledge  is  important  even  to  staflf- 
officers,  and  consequently  there  will  be  the  necessity  of 
reforming  what  constitute  the  study  of  mathematics  in  this 
institution. 

CHAPTEPt    n. 

Tendencies  concerning  the  Aim  and  Subject-matter 
of  Mathematical  Listruction. 
The  sul)jects  of  study,  which  have  been  stated  in  Chapter 
I  of  the  first  Part,  have  been  adopted  since  the  change  made 
in  1906.  Before  that  time  analytical  geometry  and  calculus 
were  taught,  liut,  at  present,  probability  has  taken  the  place 
of  calculus.  As  the  knowledge  which  has  a  wide  field  of 
application  will  be  useful  to  the  students  of  this  institution, 
it  will  be  better  to  teach  the  elements  of  higher  analysis 
without  specifying  any  particular  branch. 

CHAPTEPt    ni. 

Examinations. 
There  is  no    idea    of    reforming    the    i^resent   methods  of 
examination. 
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CHAPTEU    I\\ 

Methods  of  Teaching. 

Regarding  the  line  of  demarkation,  order  of  precedence, 
and  union  among  the  different  brandies  of  nxathematical 
study,  it  will  be  better  to  do  as  follows  :■ — 

It  will  be  wTong  to  take  away  the  line  of  demarkation 
between  elementary  algebra  and  elementary  geometry,  between 
algebra  and  calculus,  between  synthetic  geometry  and  anal^'tical 
geometry,  and  between  elementary  geometry  and  trigono- 
metry. 

Tlie  order  of  precedence  between  elementary  geometry  and 
elementary  algelnva  will  be  proper  as  it  is  at  present. 

Plane  geometry  and  solid  geometry  should  not  bo  mixed 
up. 

It  will  be  better  to  mix  up  differential  calculus  with 
integral  calculus. 
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THE  TRAINING  SCHOOL  FOR  LAND 
SURVEYING 

FIRST  PART 

Present  State  of  the  Organization  and  the 
Method  of  Mathemahcat.  Instruction. 

CHAPTER    I. 

Nature  of  tlie  School. 

This  institution  is  for  training  specialists  who  are  to  be 
engaged  in  the  work  of  land  surveying. 

The  school  contains  two  courses,  the  ordinary  and  higher. 
The  former  connects  itself,  in  point  of  its  graduation,  to  the 
middle  school,  or,  in  other  words,  the  gi-aduates  of  middle 
schools  may  be  most  conveniently  admitted  into  it.  The 
object  of  this  course,  which  extends  over  one  year,  is  to  teach 
specially  the  art  of  surveying  and  to  produce  such  youths 
as  can  be  engaged  in  the  practical  service  of  surveying, 
mapping  and  lithography.  The  latter  is  a  liigher  course  of 
two  years.  The  students  Avho  are  admitted  there  are  selected 
from  among  the  surveyors  who  have  had  experience  in  x^rac- 
tical  services  for  some  years  and  have  proved  themselves  to 
be  excellent.  They  are  taught  on  higher  sj^ecial  sciences 
Avith  the  aim  of  qualifying  them  as  higher  specialists  who 
are  able  to  guide  common  sm-veyors. 

The  following  table  shows  the  relations  and  parallels 
with  different  schools  : — 
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The  fiTerage  ages  of  tlie  students  and  the  pupils   accord- 
ing to  the  inquiries  made  in  1911  are  as  follows  : — 

25  3'ears Pupils  (Ordinary  Coui-se) 

33     „     Students  (Higher  Course). 
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CHAPTER     II. 

Aim  sind  Su])ject-matter  of  Matliematical 
Instruction. 
In  the  ordinary  course,  practice  is  chiefly  aimed  at,  deve- 
loping the  mathematical  instinct  of  the    pupils    as  well.     In 
the  higher    course,    logical    drill    and    practice  constitute  the 
objects. 

The  standard  of  the  subjects  of  study  mid  the  number  of 
hours  devoted  to  the  lessons  are  as  follows :  — 


Ordinary  Course. 


Subjects 

Contents 

Number  of 
hours 

Algebra 

Series,  binomial  theorem,  partiiil  fractions, 
logarithm,  differential  coeflBcient,  maxima  and 
minima. 

.35 

Solid  Geometry 

Plane,     dihedral     and   polyhedral    angles, 
prism,    cone,    polyhedron,   sphere,   spherical 
triangle. 

■40 

Plane 

Tr^onometiy 

Trigonometriail     functions,    solutions    of 
triangles,    logarithmic    table    and    its    api^li- 
cation. 

45 

Spherical 
Trigonometry 

The  relations   between    sides    and   angles, 
solution    and    application    of    spherical    tri- 
angles. 

25 

Analytical 
Geometry 

Co-ordinates,  straight    line,    circle,    ellipse, 
hyperbola,  parabola,  general  equations  of  the 
second  degree. 

40 

3Iethod  of  least 
Squares 

lunds    of    observations,    error,    weight    of 
observations,  mean  of  observaiions. 

40 

Physics 

Properties    of    matter,    force,    heat,   sound, 
light,  electricity,  magnetism. 

SO 
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Hisliei*  Oourso. 


Subjects 

('ontents 

Number  of 
hours 

Higher  Algebm 

Series  in  general,  determinant,  probability, 
theory  of  equations. 

(10 

Analytical 

Geometry 

I'lane  and  solid  geometry. 

110 

Differential 
Calculus 

Differentiation,    expansions    of    functions, 
indeterminate  forms,  maxima  and  minima. 

100 

Integral  Calculus 

Integration,  geometriaxl  apj)lications. 

140 

Differential 
Equations 

Ordinary  differential  equations,  partial  dif- 
ferential equations. 

120 

Dynamics 

Statics    of   rigid    bodies,  kinetics    of   rigid 
bodies. 

90 

Method  of 
least  Squares 

Laws    of    errors,    mean    of    observations, 
weight  of  observations,  applications. 

200 

r  hysics 

General  physics,  geometriejvl  optics,  electri- 
city, magnetism. 

240 

CHAPTEIi     ni. 

Examinations. 
Extemporary  questions  and  home  exercises  are  given  from 
time    to    time,    and    tlie    marks    tlius  obtained   are  reckoned 
every  six  months.     At    the    time   of    gi-aduation,   tliere  takes 
place  examination  in  some  of  the  more  important  subjects. 

CHAPTER     IV. 

IMethods  of  Teaching. 
No  text-book  is   used.      Instraction    is    cliiefly    given    by 
Jectm-es.     Sometimes  some  portion  of  lectures    is    i^rinted  for 
distribution  to  save  tlie  trouble  of  taking  down  notes. 
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CHAPTER    Y. 

Training  of  Listructors. 
Listrnctors  are  selected  from  among  the  sm-veyors  and 
mider-sm'veyoi'S  who  have  distinguished  themselves  in  their 
knowledge.  Other  lecturers  are  either  gi'aduates  of  the 
Faculty  of  Science  of  the  Im]5erial  University  or  some 
si)ecialists  in  mathematics. 


SECOND  PART 

Tendencies  in  the  Teaching  of  Mathematics. 

There  is  nothing  particularly  to  be  mentioned  under  this' 
heading. 


DIVISIONAL  REPORTS 
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REPORT  ON  THE  TEACHING  OF  MATHEMATICS 

IN  SCHOOLS   UNDER  THE  NAVY 

DEPARTMENT 

CHAI^TER  I. 

General  Remarks.  ^ 

Tlie  following  tliree  schools  are  directly  under  the  Depart- 
ment of  Navy :  the  Naval  College,  the  Naval  Engineering 
College,  and  the  Higher  Naval  College.  Tlie  system  of 
education  in  these  schools  will  ]je  each  dealt  with  in  a 
separate  chapter.  Tlie  Naval  College  has  a  single  undivided 
course,  and  the  same  is  true  of  the  Naval  Engineering 
College,  wliile  the  Higher  Naval  College  contains  seven 
distinct  courses.  Those  who  are  admitted  into  the  Higher 
Naval  College  are  chosen  from  among  the  graduates  of  the 
two  other  colleges.  For  the  students  of  the  Higher  Naval 
College  who  come  from  the  Naval  College,  there  are  two 
courses  (A)  and  (B) ;  course  (A)  is  for  those  who  study  naval 
tactics  only,  and  course  (B)  is  for  all  others.  Those  who 
pursue  com'se  (B),  after  finisliing  it,  sj)lit  up  into  three 
sections ;  one  section  continues  to  remain  in  the  college  and 
goes  to  the  com'se  (C)  for  navigation,  the  second  section  goes 
to  the  Gunnery  School,  and  the  tliird  section  goes  to  the 
Torpedo  School.  For  the  students  of  the  Higlier  Naval 
College  who  come  from  the  Naval  Engineering  College,  there 
is  the  engineering  course,  which  divides  itself  into  com-se 
(D)  for  marine  engineering  and  course  (E)  for  electric 
engineering.  Besides  there  are  elective  courses  for  those 
coming  from  the  Naval  College  as  well  as  for  those  coming 
from  the  Naval  Engineering:  College, 
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CHAPTER  n. 

The  Naval  College 

(1)     The  Nature  of  the  College. 

The  object  of  tliis  college  is  to  give  instruction  in  those 
subjects  which  are  necessary  for  future  naval  officers. 

The  cadets  are  taken  by  competitive  examination  which 
is  of  the  same  standard  as  the  graduation  examination  at 
middle  schools.  The  course  extends  over  three  years,  and  at 
present  the  average  age  of  the  cadets  is  twenty  years  and 
four  mouths. 

(2)     The  Object  and  Syllabus  of  the  course  of 
Instruction  in  Mathematics. 

The  special  subjects  of  study  comprise  Gunnery,  Torpedo, 
Seamanship,  Navigation,  and  Engineering,  and  the  general 
subjects  of  study  include  Mathematics,  Physics,  Cliemistry, 
Dynamics,  and  Foreign  Language,  all  of  which,  except  foreign 
language,  require  directly  or  indirectly  the  knowledge  of 
mathematics. 

The  object  of  teaching  mathematics  at  this  college  is, 
therefore,  to  train  the  cadets  in  the  art  of  calculation  and 
at  the  same  time  to  give  them  preparatory  mathematical 
knowledge  for  the  study  of  other  subjects,  which  they  "will 
find  necessarj^  for  the  study  of  special  subjects  pertaining  to 
naval  affiiirs. 

The  branches   of   mathematics  taught   at   the  college   are 
algebra,  trigonometry  (both  x^lane  and  spherical),    geometry, 
analytical  geometry,  and  calculus.     The   syllabuses  of   these 
subjects  are  as  follows : — 
Algebra Numbers,    Kinds      of    Functions,    Polynomials, 

Miscellaneous     Theorems     on      Equations,      Elimination, 

Limiting    values.    Proportion,    Series,    Permutations    and 

Combinations,  Probability. 
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Plane    Ti-igonoraeti-y Circulju*   Measure,   Rules  of  Signs, 

Ti'igouometric  Functions,  Trigonometric  Formulae,  Inverse 
Trigonometric  Functions,  Trigonometric  Functions  of  a 
Small  Angle,  Logarithms,  Use  of  Tables,  Solution  of 
Triangles,  Application  to  Surveying  and  Navigation,  Sum- 
mation of  Series,  De  Moivre's  Theorem  and  its  Applications. 

Spherical  Trigonometry Spherical  Triangles,    Area   of   a 

Spherical  Triangle,  General  Formulae,  Formulae  for  Right- 
angled  and  Quadrantal  Spherical  Triangles,  Application  to 
the  Celestial  Sphere,  Solution  of  Spherical  Triangles. 

Geometry Polyhedra,    Cylinder,  Cone,  Sphere,   Mensura- 
tion. 

Analytical   Geometry Co-ordinates,  Fx^uations    of    Plane 

Curves,  Straight  Lines,  Transformation  of  Co-ordinates, 
Principal  Properties  of  Plane  Curves  of  the  Second  Degree, 
General  Equation  of  the  Second  Degree,  Empirical  For- 
mulae, Grapliical  Method  for  Definite  Integi'ation,  Co- 
ordinates of  a  Point  in  Space,  Equation  of  Surfaces  of 
Revolution. 

Infinitesimal  Calculus Differentiation  of  Functions,  Simple 

Indefinite  Integrals,  Geometrical  and  Physical  Applica- 
tions, Successive  Differentiation,  Partial  Differentiation, 
Differentiation  of  Implicit  Functions,  Taylor's  and 
Maclaurin's  Theorems,  Convergency  of  Series,  Maxima 
and  Minima,  Indeterminate  Forms,  Definite  Integrals, 
Area,  Volume,  Length  of  Ai-c,  Curvature. 
Remarks  : — A  pai't  of  spherical  astronomy  is  giA'en  as  an 

application  of    spherical  trigonometry  in  order  to    show    the 

close  relation  between  the  two. 

(3)     Distribution  of  the  Subject-matier  and  Number 
of  Hours  allotted. 
First   Year. 

Algebra    and    Lifinitesimal   Calculus  (up    to 
Geometrical    and    Physical   Applications 
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in  the  above  Syllabus) 60  hours 

Plane  Trigonometry         . .  30      „ 

Geometry  and  Analytical  Geometry     . ,      . ,   92      „ 
Second  Year. 

Infinitesimal  Calculus  (the  remaining  part).  .  73  hours 
Spherical  Trigonometry 50      „ 

(4)     Examination. 

One  school  year  is  divided  into  tlu'ee  terms,  and  at  the 
ends  of  the  first  and  the  second  term  the  cadets  are  examined 
in  the  jwrtion  they  have  learned  during  that  term  and  at  the 
end  of  a  year  a  final  examination  covering  the  whole  year's 
course  is  held.  The  computation  table  compiled  by  the 
college  is  allowed  to  be  used  in  the  examination. 

(5)     Method  of  Instruction. 

The  cadets  are  taught  by  means  of  text-books  compiled 
by  the  college,  and  as  they  have  little  time  at  their  disposal, 
they  are  requned  to  solve  problems  in  the  class-room,  home 
exercises  being  seldom  given. 

As  for  the  exercise  of  analytical  geometry  and  curve 
tracing,  squared  and  circled  papers  especially  prepared  for 
the  purpose  are  given  to  the  cadets  as  the  case  may  require ; 
besides,  vertical  and  horizontal  lines  are  engraved  on  the 
surface  of  the  blackboard  for  the   convenience  of  explanation. 

In  ]3i'actical  calculation  the  cadets  are  supphed  with  the 
computation  table  compiled  by  the  college  to  familiarize 
them  in  the  application  of  formulae  and  tlie  use  of  table  of 
logarithms. 


ABT.  xn-.]  NAVY  DEPAKTMENT  5 

CHAPTER  in. 

The  Naval  Engineering  College 
(1)     The  Nature  of  the  College. 

The  object  of  tliis  college  is  to  give  instruction  in  those 
subjects  which  are  necessary  for  future  naval  engineer  officers. 

The  cadets  are  taken  by  competitive  examination  which 
is  of  the  same  standard  as  the  graduation  examination  at 
middle  schools. 

The  course  at  this  coUege  covers  three  years,  and  at 
present  the  average  age  of  the  cadets  is  twenty  years  and 
five  montks. 

(2)     The  Ol3Ject  and  Syllabus  of  the  Course  of 
Instniction  in  Mathematics. 

Everything  tliat  is  taught  at  this  college,  except  foreign 
language,  requires  directly  or  indirectly  the  knowledge  of 
mathematics,  and  the  branches  of  mathematics  which  are 
taught  at  this  college  are  algebra,  tiigonometry,  geometiy, 
plane  analj'tical  geometry  and  calculus. 

The  chief  object  of  teaching  the  above  subjects  at  this 
college  is  to  enable  the  cadets  to  understand  the  mathematics 
they  may  come  across  in  their  study  of  engineering,  sliip- 
building,  physics,  chemistry,  dynamics  and  applied  dynamics, 
and  drawing,  and  to  familiarize  them  in  practical  calculation, 
and  at  the  same  time  to  ti-ain  them  in  exact  thinking. 

The  following  is  the  syllabus  of  the  coui-se  of  instruction 
in  mathematics  : — 

Algebra ■  Variation,  Permutations  and  Combinations,  Bino- 
mial Theorem,  Series,  Logarithms,  Partial  Fractions, 
Discussion  of  Pvoots  of  Equations,  Approximate  Graphic 
Solution  of  Equations,  Separation  of  Roots  of  Equations, 
Determinants. 
Trigonometiy Angles,     Trigonometric     Ratios,     Use      of 
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Logarithmic  Tables,  Solution  of  Triangles,  Application  to 
Sm-veying,  De  Moivre's  Theorem,  Expansion  of  Trigono- 
metric Functions,  Construction  of  Tiigonometric  Tables. 

Geometry Recapitulation  of  Elementary  Geometr}',  Loci, 

Maxima  and  Minima,  Volume. 

Plane  Analytical  Geometry Co-ordinates,   Transformation 

of  Co-ordinates,  Straight  Lines,  CuiTes  of  the  Second 
Degi-ee,  General  Equation  of  the  Second  Degi'ee,  Polar 
Equations. 

Infinitesimal     Calculus Functions,      Continuity,      Limit, 

Differentials,  Geometrical  and  Physical  Applications,  Differ- 
entiation of  Simple  Functions,  Successive  Differentiation, 
Mean  Value  Theorem,  Maxima  and  Minima,  Calculation 
of  EiTors,  Partial  Differentiation,  Exact  Differentials,  Li- 
definite  and  Definite  Litegrals,  IntegTation  of  Simple 
Functions,  Simple  Definite  Integration,  Geometiical  and 
Physical  Apx^hcations,  Expansion  of  Functions,  Taylor's 
and  Maclaurin's  Theorem. 

Remarks : — Integral  calculus  is  put  before  expansion  of 
functions,  as  it  is  necessary  to  do  so  in  view  of  its  ax^plication 
to  physics.  Elementary  dynamics  is  taught  without  using 
calculus. 

The  table  of  logarithms  and  slide-rule  are  used  in 
physics,  applied  d;yTiamics  and  engineering.  The  theory  of 
logarithms  is  taught  in  algebra,  and  the  logarithmic  calculation 
in  trigonometry ;  a  table  of  fouror  five  figm-es  is  emi)loyed  in 
exercise  while  a  table  of  four  figures  is  used  in  practical 
calculation.     The  use  of  slide-rule  is  taught  in  physics. 

(3)     Distribution  of  the  Branches  of  Mathematics 
and  their  Honis. 
First   Year 

Algebra      7'2  hours 

Trigonometi'y Oo      ., 

Geometi-y 36     ,, 
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Analj-tical  Gcometiy  72  hours 

Infinitesimal  Calculus 36      ,, 

Second  Year 

Analytical  Geometiy  27  lioui-s 

Infinitesimal  Calculus 90     ,, 

(4)     Examination. 

The  examination  in  mathematics  is  of  two  kinds,  viz. 
review  and  annual  examinations.  A  year's  course  is  divided 
into  poiiions  and  cadets  are  examined  in  each  portion  from 
time  to  time,  and  at  the  end  of  a  year  they  go  through  an 
examination  covering  the  whole  of  the  year's  course.  Both 
the  review  and  annual  examinations  are  WTitten  ones. 

(5)     Method  of  Instruction. 

The  cadets  are  supplied  with  text-books  and  are  required 
to  read  them  thorouglily  before  they  come  to  the  class-room 
so  that  they  may  better  understand  the  lectm-es.  There  being 
so  many  subjects  to  be  learned,  cadets  liave  very  little  time ; 
§o  home  exercises  are  seldom  given. 

Compai-atively  greater  poiiion  of  the  horn's  allotted  to  the 
instruction  of  mathematics  is  used  in  solving  problems, 
preference  being  given  to  applications  rather  than  to  tlie 
theory. 

Reference  books  are  given  by  the  instractors  as  the  case 
may  require. 
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CHAPTER  IV. 

The  Higher  Naval  College 
(1)     The  Nature  of  the  CoUege. 

As  was  stated  in  the  First  Chapter,  there  are  seven 
different  courses  in  this  college,  among  wliich  there  are  only 
two,  which  contain  instruction  in  mathematics.  They  are  the 
{B)  course  and  the  Engineer  course. 

(2)     Students  of  {B)  Course. 

Students  of  this  course  are  lieutenants  and  sublieutenants. 
They  are  selected  by  a  specially  appointed  committee  con- 
sisting of  superior  officers. 

Officers  of  this  course  enter  the  college  in  two  groups  every 
year,  about  thirty  or  forty  officers  forming  one  group  being 
admitted  at  a  time,  and  they  study  in  view  of  later  becoming 
students  pursuing  the  navigation  course  at  the  Higher  Naval 
College,  the  students  of  the  Advanced  Class  of  the  Gunnery 
School,  and  the  students  of  the  Advanced  Class  of  the  Torpedo 
School.  So,  they  study,  besides  naval  sciences,  such  subjects 
as  mathematics,  dynamics,  applied  electricity,  and  aj)plied 
chemistry  which  are  necessary  for  their  respective  study  of 
navigation,  gunnery,  and  torpedoes. 

The  com'se  extends  over  six  months,  and  at  j)i'esent 
officers  enter  the  college  about  sis  years  after  graduating  the 
Naval  College. 

This  com'se  includes  two  branches  of  mathematics ; 
namely,  infinitesimal  calculus  and  analytical  geometry  of 
sj)ace.  The  main  object  to  be  aimed  at,  is  besides  develoi)ing 
their  capacity  for  mathematics,  to  give  the  students  sufficient 
knowledge  of  mathematics,  so  as  to  enable  them  to  under- 
stand the  following  subjects  : 
For    {B)    Course  cadets Applied    Electricity,   Dynamics, 

Compass  Adjustment. 
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For    (C)     Course    cadets Applied    Astronomy,  Compass 

Adjustment. 
For  cadets  of  the   Advanced  Class   of   tlie   Gunnery   School 

Ballistics. 

For    cadets    of    the   Advanced  Class  of  the  Torpedo    School 

Wireless  Telegi'aphy  and  Telephony. 

The  following  is  the  syllabus  of  the  course  of  instruction 
in  mathematics  : 
Infinitesimal  Calculus  (59  lectm-es,  one  lecture  l^  hour). 

I.     Differential  Calculus ■  Theory  versus  Practice,  Kemarks 

on  Practical  Mathematics,  Interpolation.  Elements  of 
Theory  of  Errore,  Differentials,  Subject-matters  of  Differ- 
ential Calculus,  Fundamental  Problems  of  Differential 
Calculus,  Mean  Value  Theorem,  Hyperbolic  Functions, 
Geometrical  Application  of  Derived  Functions,  Maxima 
and  Minima,  Pju'tial  Differentials,  Total  Differentials, 
n.  Integral  Calculus Subject-matters  of  Integral  Cal- 
culus, Subject-matters  of  Differential  Equation,  Funda- 
mental Problems  of  Integral  Calculus,  Calculation  of 
Integi-als,  Geometi'ical  Application  of  Integi'ation,  Elemen- 
tary Differential  Equations,  Definite  Integrals,  Differentia- 
tion and  Integration  under  the  Sign  of  Integration,  Double 
Integrals. 
Analytical  Geometry  of  Three  Dimensions  (20  lectures,  one 
lecture  1^  hours.)  Co-ordinates,  Distance  between  two 
Points,  Direction  Cosines,  Projection,  Angle  between  two 
Straight  Lines,  Helations  between  Rectangular  and  Polar 
Co-ordinates,  Planes,  Straight  Lines,  Equations  of  the 
Second  Degree,  Cylindrical  Surfaces,  Conical  Surfaces, 
Ellipsoids,  Hyperboloids,  Paraljoloids,  Generating  Lines, 
Tangent  Planes  and  Normals,  General  Equation  of  the 
Second  Degi-ee. 

Remarks  : — The  above  are  distiibuted  to  differential   cal- 
culus,    integral   calculus,    and   geometry,  and   ai*o  instructed 
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at  tlie  same  time.  — 

The  students  of  this  course  having  already  learned 
elementary  calculus  at  the  Naval  College,  there  is  no  necessity 
of  proceeding  in  the  usual  order,  and  it  is  even  advisable 
to  change  the  order  adopted  in  the  text-book  of  the  Naval 
College  for  the  purpose  of  attracting  the  officers'  attention  ; 
for  this  reason,  in  deciding  the  arrangement  of  tlio  contents 
the  order  of  vjuious  other  subjects  of  study  which  are  to  be 
taught  at  the  same  time  is  chiefly  taken  into  consideration. 

Useful  as  the  the(jretical  investigation  is,  it  is  to  some 
extent  dispenced  with  in  order  to  make  the  instruction  as 
much  practical  as  possible,  and  many  practical  problems 
concerning  navigation,  gunnery,  and  torpedo  are  given 
instead.  Besides,  the  instructor  gives  many  problems  and 
exercises,  and  makes  each  officer  solve  them  in  the  class- 
room under  his  guidance,  thus  making  the  officers  familiar 
with  practical  calculation. 

As  the  officers  have  many  subjects  to  learn  and  have  little 
time  at  their  disposal,  no  home  exercise  is  given  except 
when  they  have  long  vacations  such  as  summer  holidays. 

A  brief  text-book  is  given  to  the  officers,  but  the 
instructor  delivers  lectures,  for  the  most  part,  independently 
of  it,  and  makes  the  officers  take  notes  of  them. 

(3)     Students  of  Engineer  Course.  , 

Students  of  this  class  are  engineer  lieutenants.  Every 
one  and  half  years  a  number  of  candidates  are  recommended 
by  commanding  officers  from  among  the  best  lieutenants 
under  them,  and  afterwards  they  are  examined  by  a  sxjecially 
appointed  committee  in  their  knowledge  of  plane  analytical 
geometry,  calculus,  engineering,  and  English  language,  and 
about  ten  best  ones  are  admitted  at  a  time. 

Instruction  is  given  at  the  college  in  engineering, 
electrical  engineering,  and  such  preparatory  subjects  as  are 
necessary    for  understanding  the  special  subjects  just    men- 
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tioned,  find  after  the  completion  of  the  coiirse  they  are  placed 

in  important  positions  as  engineer  officers. 

The    course  covers  one    and  half  years,  and  officers  enter 

the   college  nine  or  ten  years  after  graduation  at   the  Naval 

Engineering  College. 

The    branches    of     mathematics     taught     are     analytical 

geometry   of  space,   differential  equations,    and  calculus,   the 

cliief    object    being    to  enable  the  officers  to   get  intelligent 

grip  of  the  following  subjects : — 

Dynamics,  especially  Hydrodynamics,  Resistance  of  Ship 
and     Propulsion,    Strength    of    Materials,    Conduction   of 
Heat,  Thermo-dynamics,  Treatise  on    Steam,    Electricity, 
Applied  Electricity. 
Tlie  syllabus  of  the  course  of  instruction  in  mathematics 

is  as  follows  : — 

Analytical  Geometi-y  of  Three   Dimensions  (20  lectures,    one 
lecture   1^   hours). 

Co-ordinates,  Direction  Cosines,  Projection,  Transformation 
of  Co-ordinates,  Planes,  Straight  Lines,  Surfaces  of  the 
Second  Degree,  Diametral  Planes,  Diameters,  Tangent 
Planes,  Normals,  Elementary  Tlieory  on  Surfaces  in 
general  and  on  Curves  in  Space. 

Differential  Equations  (17  lectures,  one  lecture  1^  hours). 
Formation  and  Solution  of  Differential  Equations,  Exact 
Equations,  Integrating  Factors,  Equations  of  the  First 
Order  and  First  Degi'ee,  Equations  of  the  First  Order 
and  Higher  Degree,  Equations  of  the  Second  Order, 
General  Linear  Equations  with  Constant  Coefficients, 
Simultaneous  Equations,  Solution  of  Linear  Equations  in 
Series. 

Infinitesimal  Calculus.     (65  lectures,    one  lectm-e    1^  houi-s). 
Limiting  Values,  Differential  Coefficients,  Tangents  and  Nor- 
mals, Maxima  and  Minima,  Concavity,    Change   of  Vari- 
ables, Differentials,  Livolutes  and  Evolutes,    Mean   Value 
Theorem,    Indeterminate    Forms,    Convergency   of  Series, 
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Expansion,  Asymptotes,  Total  Differentials,  Exact  Differ- 
entials,   Mean    Value    Theorem,     Expansion,    Tliermodj- 
namical     Applications,    Laplacian    Equation,    Change    of 
Vai'iables,     Differential      Equations     of     Waves     and     of 
Conduction,    Envelopes,    Singular   Points,   Curve  Tracing, 
Indefinite  and  Definite  Integrals,  Summation,  Methods  of 
Integration,  Gamma  Function,  Elliptic  Integrals,  Elliptic 
Functions,    Line    Integrals,     Surface    Integrals,    Volume 
Integrals,  Geometrical  and  Physical  Applications,  Theory 
of  Errors,  Differentiation  and  Integration  under  the  Sign 
of  Integration,    Fourier's     Series    and    Integrals,    Partial 
Difierential  Equations,  Waves  and  Conduction. 
As  the  students  of  this  couree  have  learned  plane  analytical 
geometry  and  elementary  calculus  at  the  Naval  Engineering 
College,    instruction    in    analytical    geometry    of    space    and 
differential  equations  is  given  at  the  college  for  the  furtherance 
of  their  knowledge  in  mathematics,  and  is  completed  in  the 
first  six  months  in  order  to  meet  the  requirements  of  other 
subjects  of  study. 

Calculus  is  also  taught  at  this  college,  supplementing 
what  the  officers  have  already  learned  at  the  Naval  Engineer- 
ing College.  The  cliief  object  to  be  aimed  at  is  to  give 
them  the  firm  theoretical  knowledge  of  infinitesimal  calculus 
and  at  the  same  time  to  familiarize  them  with  applications 
to  physics,  mechanical  engineering,  electrical  engineering, 
etc. 

Text-books  which  contain  nearly  all  of  what  is  to  be 
taught,  are  given  to  the  officers  and  verbal  lectures  are  made 
as  brief  as  possible.  About  one  third  of  the  whole  time 
assigned  to  mathematics  is  used  in  solving  x^roblems,  and 
many  home  exercises  are  given  also. 

(4)     Examination. 

All  examinations  are  written  ones,  and  every  one  of  the 
oflScers    is    required    to    answer    the    same    set    of  questions. 
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Sometimes  the  officers  are  allowed  to  briug  text-books  and 
sometimes  not.  There  are  three  or  four  review-examinations 
and  one  final  examination.  The  results  of  these  examinations 
combined  with  daily  marks  determine  the  status  of  an 
individual  officer. 
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EEPORT  CONCERNING 
IHE  SHOSEN-GAKKO  (Nautical  College). 

The  Teaching  of  Mathematics  in  the  Shosen-GakkO. 

1.    general  information  concerning 
the  shosen-gakko. 

The  Shosen-Gakko  is  tlie  institution  in  wliicli  the  cadets 
are  ti-aiued  to  become  higher  seamen,  and  the  course  is  two- 
fold,  namely  a  depaiiment  of  navigation  and  one  of  engineer- 
ing. In  the  navigation  department  cadets  are  fitted  for 
becoming  mates  and  captains,  and  in  the  engineering  de- 
XJaiiment  they  are  fitted  to  become  engineers. 

The  navigation  department  requires  two  years  and  a  half 
of  theoretical  study  at  the  college,  and  moreover  three  years 
for  gunnery  and  practical  apprenticeship. 

The  engineering  department  requires  two  years  of  theo- 
retical study  and  three  years  of  practical  apprenticeship,  so 
that  a  full  course  in  the  navigation  department  covers 
five  yeai"s  and  a  half,  whereas  in  the  engineering  department 
five  j'eai-s  are  reciuired. 

Each  college  year  consists  of  two  terms,  and  in  the  be- 
ginning of  each  term  forty  students  who  have  passed  the 
special  or  common  comj)etitiye  entrance  examination  are  al- 
lowed to  enter  into  each  department. 

The  special  competitive  entrance  examination  is  for 
those  appHcants  who  are  giuduates  from  some  middle  schools, 
and  the  common  competitive  examination  is  for  general 
ax>phcants. 

The  special  competitive  entrance  examination  consists  of 
translations  from  Eiiglish  into    Japanese  and  from  Japanese 
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into  Englisli,  Jiipa.iiese  camposition..  Cliinese  classics,  ma- 
tliematics  (nritlimetic,  algebra,  piano  geometry  and  trigo- 
nometry) ;  and  tlie  common  competitive  entrance  examination 
consists  of  x^liysics,  chemistry,  geography,  history  and  draw- 
ing in  addition  to  the  Ijranches  mentioned  for  tlio  special 
competitive  entrance  examination.  As  the  status  of  these 
examinations  corresponds  to  that  of  graduates  of  middle 
schools,  the  proficiency  of  an  applicant  must  be  equal 
at  least  to  that  of  a  middle  school  graduate. 

Though  the  age  of  applicants  may  range  from  sixteen  to 
twenty-one,  the  average  age  of  beginners  in  the  navigation 
department  is  nineteen  years  and  four  months  and  in  the 
engineering  department  nineteen  years  and  seven  months. 
The  reason  for  the  seniority  of  engineering  applicants  is  the 
fact  that  appKcants  are  generally  inclined  to  apply  first  for 
the  navigation  department  and  for  the  engineering  depart- 
ment only  when  they  find  tliemselves  unal^le  to  enter  the 
former  department. 

The  Shosen-Gakko  is  under  the  direct  control  of  the 
Department  of  Communications,  but  the  cadets  are  enlisted 
in  the  Imperial  Navy  on  the  day  of  their  matriculation  and 
after  their  graduation  they  receive  the  x^i'ivilege  of  becoming 
members  of  the  Imperial  Naval  Keserve  with  the  rank  of 
midshipmen,  and  are  exempt  from  the  governmental  exami- 
nation required  for  becoming  higher  seamen. 

The  students  attending  the  local  Shosen-Gakko  (mercantile 
marine  schools)  established  in  accordance  with  the  Special 
School  Ordinance  of  the  Mombusho  (the  Department  of  Edu- 
cation) are  allowed  to  defer  their  military  service  wliilst 
they  are  at  school  and  after  their  graduation,  though  they 
may  be  appointed  as  navigating  officers  or  engineering  officers 
of  the  third  rank  of  the  naval  reserve,  they  have  no  privilege 
of  exemption  from  the  higher  seamen's  examination.  Another 
characteristic  of  the  Imperial  Shosen-Gakko  distinguishing 
it  from  ordinary  local  mercantile  marine  schools  is,  that  the 
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gnide  of  the  entv;inco  oxixmination  for  tlie  ftjrmcr  is  that  of 
middle  school  gvadnates  while  for  the  Litter  it  is  only  of  the 
liigher  elementary  school  grade. 

2.     OBJECT  AND  SUBJECT-MATTER  OF  THE 
MATHEMATICAL  INSTRUCTION. 

Although  the  majority  of  the  cadets  are  gi'adnates  of  mid- 
dle schools,  yet  a  few  of  them  are  not,  so  tliat  on  their 
entrance  all  cadets  are  taught  in  algebra,  solid  geometry  and 
X^lane  trigonometry  in  order  to  make  them  review  those 
studies  as  well  as  to  supplement  their  deficiencies.  Thus, 
the  endeavour  is  made  to  give  them  the  necessary  knowledge 
for  tlie  study  of  liigher  mathematics,  iiavigation  and  engi- 
nesriiig. 

These  xn-inciples  are  always  Ijorne  in  mind  by  the  in- 
structors even  when  the  cadets  advance  to  the  higher  classes 
and  are  instructed  in  spherical  trigonometry,  analytical  geome- 
try and  calculus.  Moreover,  great  attention  is  continually 
bestowed  uxx)n  the  system  of  mathematical  instruction  in 
order  to  create  and  always  to  maintain  in  the  minds  of  the 
cadets  a  clear  course  of  mathematical  reasoning. 

The    schedule  of  the  mathematical    course  is  as    follows : 

Mathematical  insti-uction    in  the    navigation    department. 

Algebra :  3  hours  per  week  for  one  term.  Katio,  pro- 
portion, variation,  permutation,  combination,  prol)ability, 
binomial  theorem,  interpolation,  logarithms,  use  of  slide-rule, 
series,  determinants,  variation  of  algebraic  function,  ordinary 
and  grapliical  solutions  of  equations,  limiting  values,  calcu- 
lation of  area  and  volume,  derived  functions. 

Plane  trigonometi-y :  .3  hours  per  week  for  one  term. 
Trigonometrical  ratio,  use  of  logarithmic  tables,  theorems  on 
j)lane  figures,  solution  and  calculation  of  tiiangles,  theory  of 
proportional  pai-ts,  solution  of  trigonometrical  equations,  trigo- 
nometrical    series,     inverse     trigonometrical     functions,    De 
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Moi^To's  theorem,  explanation  and  ai)plication  of  traverse 
tables,  parallax,  dip,  and  other  practical  proljlems. 

Solid  geometry  :  2  hours  per  week  for  one  term.  Lines, 
planes,  and  their  relations,  projection,  polyhedral  angles, 
properties  of  pol.yhedrons,  properties  of  spherical  polygons, 
latitude    and    longitude,    definition    of     astronomical    terms. 

Spherical  trigonometry :  2  hours  per  week  for  two 
terms. 

Formulae,  solution  and  calculation  of  various  triangles, 
approximate  values  and  small  variations  in  the  elements  of 
tiiangles,  elements  of  astronomy,  azimuths  and  altitudes  of 
heavenly  bodies,  explanation  of  various  methods  of  finding 
latitude  and  longitude,  and  other  practical  problems. 

Analytical  geometry :  2  hours  -per  week  for  one  term. 
Co-ordinates,  straight  lines  and  planes,  transformation  of  co- 
ordinates ;  proi^erties  of  curves  of  second  degree  and  their 
tangents  and  normals ;  co-ordinates  of  three  dimensions,  f)ro- 
perties  of  surfaces  of  second  degi*ee,  Simpson's  rule,  or! jit  of 
earth,  and  other  practical  problems. 

Difterential  and  integral  calculus  :  2  hours  per  week  for 
one  term. 

Differentiation,  theory  of  curves,  elements  of  integi'ation, 
quadratm-e,  centre  of  gravity,  ship's  stability,  successive 
differentiation,  partial  differentiation.,  relations  of  small  errors, 
expansion  of  series,  maxima  and  minima,  method  of  least 
squares,  deviation  of  compass,  meridional  parts,  and  other 
l^ractical  i)i'oblems. 

Mathematical  instruction  in  the  engineering   department. 

Algebra  :     3  hom-s  per  week  for  one  term. 

The  syllabus  of  this  study  is  the  same  as  in  the  navi- 
gation department. 

Plane  trigonometry :     2  hours  j^er  week  for  one  term. 

Trigonometrical  ratio,  use  of  logarithmic  tables,  theo- 
rems on  plane  figures,  solution  and  calculation  of  triangles, 
theory  of  proj)ortional  j)aits,  solution  of  trigonometrical  equa- 
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tions,  tvigonoraetrical  series,  inverse  trigonometrical  functions, 
Do  Moivre's  theorem,  calculation  of  length,  area,  volume  etc. 

Solid  geometry:  2  lioure  ]>er  week  for  one  term.  Lines, 
planes,  and  their  relations,  projection,  properties  of  p)ly- 
hedrons,  and  their  areas  and  volumes,  similar  bodies,  conic 
sections,  solid  of  revolution,  tlieory  of  pj'ojection  and  ])or- 
spective. 

Mensuration :     one  liour  per  week  for  one  term. 

Contracted  methods,  short  methods,  conversion  of 
measures ;  x>erimeter  and  area  of  plane  figures ;  surface  and 
volume  of  prism,  cylinder,  pyramid,  cone  and  sphere ; 
weights  of  timber  and  metal,  ship's  displacement,  and  other 
practical  problems. 

Anal^'tical  geometry  :     2  hours  per  "week  for  one  term. 

Co-ordinates,  straight  lines  and  pljxnes,  transformation  of 
co-ordinates,  properties  of  curves  of  second  degree  and  their 
tangents  and  normals  ;  co-ordinates  of  three  dimensions,  pro- 
]>erties  of  surfaces  of  second  degi'ee,  determination  of  em- 
pirical formulae,  Simpson's  rule,  j)rinciple  of  Bourdon's  steam- 
gauge,  and  other  practical  problems. 

Differential  and  integral  calculus  :  2  hours  per  week  in 
the  first  term,  and  one    hour    per  week    in   the  second  term. 

The  first  term  :  Differentiation,  theory  of  cm-ves,  maxi- 
mum and  minimum,  integration,  and  other  practical  problems. 

The  second  term  :  Successive  difierentiation,  partial  dif- 
ferentiation, expansion  of  series,  multiple  integration,  solution 
of  differential  eqmitions,  and  other  problems. 

In  algebra,  instruction  begins  witli  ratio  and  proportion 
and  ends  with  determinants  and  derived  functions.  In  the 
mean  time,  for  the  variation  of  algebraic  functions  and  the 
grax)hical  solution  of  equations  and  so  forth,  the  use  of 
section  pajx^r  is  taught,  and  the  application  of  limiting  values 
in  the  calculation  of  arenas,  volumes  or  moments  of  inertia 
and  so  forth  is  expUined.  Tluis  the  fundamental  principle 
of  calculus  is    impressed  nyion  tlie  cadets,  and  tlio  materials 
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necessary  for  the  study  of  other  Ijrauches  of  science  are  sup- 
plied as  well. 

In  this  course  the  study  of  x^robability,  interpolation  and 
so  forth  is  chiefly  insisted  upon  in  the  navigation  department, 
while  the  use  of  section  imper,  the  application  of  limiting 
values  and  so  forth  are  chiefl.y  taught  in  the  engineering 
department. 

Plane  trigonometry  is  commenced  at  a  jjoint  somewhat  in 
advance  of  what  is  taught  in  the  middle  school,  and  ends 
witli  the  theorem  of  De  Moivre  and  its  ap]:>lication.  In  the 
navigation  depaiiment  the  solution  and  calculation  of  trian- 
gles are  especially  considered  and  in  the  engineering  depart- 
ment problems  in  area  and  volume  of  figures  are  solved  l\y 
the  use  of  logarithmic  tables. 

Spherical  trigonometry  l)egins  with  tlie  right-angled 
triangle,  goes  on  to  the  oblique-angled  triangle,  explains 
approximate  values  of  the  sides  of  triangle  and  relations  of 
small  variations  of  its  sides  and  angles,  and  the  principles 
of  the  formulae  used  in  navigation.  Two  terms  being  devo- 
ted to  spherical  trigonometry,  in  the  first  term  one  hour  or 
two  per  Aveek  is  always  used  for  solutions  and  calculations 
of  triangles. 

At  present  the  ordinary  method  of  instruction  in  spherical 
trigonometry  usually  commences  with  the  oblique-angled 
triangle  and  then  goes  on  to  the  right-angled  triangle  but 
in  the  Shosen-Gakko  the  opposite  is  the  case.  This  reverse 
method  of  instruction  resembles  the  one  folloAved  in  plane 
trigonometry  and  as  it  leads  gradually  from  simple  cases  to 
more  complicated  ones,  it  heljis  the  cadets  to  gi'asj)  the  general 
idea,  but  on  the  other  hand  it  may  lead  to  some  repetition 
in  the  course  of  instruction. 

The  status  of  instruction  in  solid  geometry  is  somewhat 
higher  than  that  in  the  middle  school.  It  commences  at  the 
very  beginning  and  following  the  usual  order  proceeds  to  the 
spherical  and  descriptive  geometry.    In  the  navigntion  depart- 
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raent,  the  projierties  of  spliorioal  ti-i;ing1es  are  chiefly  con- 
sidered, but  iu  tlie  engineer!  uj^  department  greatest  stress 
is  laid  on  the  solid  and  descriptive  geometry. 

Ill  mensuration,  the  conversion  of  measures,  the  area  and 
volumi^  of  figures,  tlie  welglits  of  timlxM-  and  metal,  and  other 
practical  pro!  >lems  are  discussed.  Thus  tlie  cadets  are  tauglit 
iu  the  practical  side  of  engineering  and  i\ioy  are  drilled  as  wc^ll 
iu  actual  calculations,  for  though  any  one  may  ha's'e  a 
superior  knowledge  of  engineering,  yet  Ik^  will  fail  to  dis- 
cliarge  his  duties  properly  unless  he  be  skilled  in  general 
calculation. 

In  anal.ytical  geometry  the  instruction  is  given  in  the 
usual  order ;  beginning  with  lines  and  j)lanes  it  proceeds  to 
curves  and  surfaces  of  the  second  degi"ee ;  and  Ijy  way  of 
application,  tlie  navigation  department  takes  up  Simpson's 
rule,  diifereuce  of  geographical  and  geocentric  latitudes,  cen- 
ti'al  orbit ;  and  the  engineering  department  takes  up  expan- 
sion of  steam,  computation  of  empirical  formuliie  and  the 
principle  of  Bourdon's  steam  gauge. 

In  calculus  the  method  of  explanation  in  the  navigation 
department  differ  from  that  in  the  engineering  department. 
In  the  navigation  department  differentiation  of  simple  func- 
tions is  followed  by  its  inverse  integration  as  the  differenti- 
ation of  monomial  integral  expressions  is  followed  by  its 
inverse  integration,  and  practical  problems  are  introduced  at 
appropriate  intervals.  In  the  engineering  department  inte- 
gral calculus  is  taught  after  the  differential  in  the  ordinary 
way,  but  complicated  or  unpractical  problems  are  sometimes 
omitted  or  taken  up  after  finishing  the  general  course  of 
integivil  calculus. 

To  sum  up  the  whole,  tlie  calculus  taught  in  the  Shosen- 
Gakko  is  thoroughly  practical,  and  appears  to  be  treated  as 
the  necessary  means  of  solving  jjractical  prol)lems ;  else  it 
would  be  impossible  to  give  any  useful  knowledge  of  calculus 
in  the  short  time  of  thirtj'  two  hours  in  the   navigation  do- 
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pjxrtmeut,  and    of  forty  eiglit    Iiours  in   tlie  eugiiiGering  de- 
partment. 

The  following  lists  are  added  for  reference  in  order  to 
sliow  the  difterenoe  in  methods  of  instruction  in  algebra, 
spherical  trigonometry,  analytical  geometry  and  calculus  fol- 
Ic^wed  at  the  Shosen-Gakko  from  those  of  ordinary  institutions. 

3.     EXAMINATIONS. 

Examinations  are  in  writing,  but  if  they  were  to  take 
})lace  only  once  at  the  end  of  each  term,  the  result  would 
often  l3e  somewhat  unjust,  therefore  one  horn-  per  week  out 
of  three  is  always  used  for  the  solution  of  practical  problems 
and  in  such  studies  as  spherical  trigonometry  and  mensura.- 
tions,  which  require  skill  in  calculation,  the  cadets  ai-e  dril- 
led in  practical  prvjblems  at  least  once  a  Aveek  notwithstand- 
ing the  limited  number  of  hours  devoted  to  the  su])ject.  To 
the  marks  obtained  in  this  way,  the  examination  marks  are 
added  and  the  final  result  is  computed. 

In  the  Shosen-Gakko  in  accordance  with  the  fourth 
article  oi  chapter  five  of  the  "  College  Regulation,"  the  marks 
of  the  examination  may  be  altered  according  to  the  average 
of  the  marks  of  the  special  examinations  as  follows;  if  for 
instance,  a  cadet  (obtains  an  average  of  eighty  per  cent  in 
his  special  examinations  and  seventy  per  cent  in  the  term 
examination,  five  per  cent  is  added  and  his  resulting  marks 
will  he  seventy  five  ;  and  if  he  obtain  an  average  of  forty 
X^er  cent  in  his  special  examinations  and  eighty  per  cent  in 
his  term  examination,  four  per  cent  being  subtracted  from 
the  latter,  his  final  standing  will  be  seventy  six  per  cent. 
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4.     METHOD  OF  INSTRUCTION. 

That  branch    foi'  which  an    appropiiate    text-book   exists, 
is  tiiiight  according  to  it ;    and  in  those   branches  for  wliich 
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no  toxt-book  is  used,  instiiiction  is  given  by  lectures  ;  pro- 
vided each  cadet  is  supj)lied  beforehand  with  papyrographic 
summary  notes  of  the  said  lectures.  In  some  studies  models 
are  used  for  illustration.  All  the  problems  for  exercise  worked 
out  and  x^vf'sented  by  the  cadet-;  must  be  entered  in  their 
own  note-liooks  whicli  are  stiictly  and  minutely  examined 
by  the  instructors  in  charge,  and  moreover,  the  work  and 
answer  for  the  same  x^rol^l^i^"^  must  l)e  written  by  the  inst- 
ructor and  printed  and  distributed  among  the  cadets,  in 
order  to  give  them  a  chance  of  comparison  with  their  own 
work. 

5.     FUTURE  PROSPECTS. 

It  is  well  known  fact  that  the  ma.thematics  required  ]jt)th 
at  home  and  abroad  for  the  higher  seamen's  examination  are 
of  a  comparatively  very  elementary  kind  and  that  even  the 
attainments  required  of  candidates  for  the  post  of  captain  or 
chief  engineer  do  not  much  exceed  advanced  primary  school 
arithmetic,  and  in  those  daily  calculations  which  are  j)er- 
formed  in  a  mechanical  manner  oixlinary  navigators  rarely 
understand  the  principles  upon  which  their  calculations  are 
based.  This  ]ieing  the  case  with  mariners  generally,  many 
mercantile  marine  institutions  aliroad  are  said  to  be  of 
similar  standing  with  oar  Shosen-Clakko,  and  the  candidates 
for  the  higher  seamen's  examination  may  easily  achieve  suc- 
cess after  their  own  respective  apprenticesliip  on  board  or  in 
machine  shops  if  they  have  some  scientific  knowledge. 

But  on  the  other  hand  the  Shosen-Gakko  admits  only 
those  applicants  who  have  passed  an  entrance  examination 
of  middle  school  gi'ade  and  after  their  entrance  the  institution 
gives  the  cadets  a  higher  knowledge  of  science  during  a- 
spaco  of  from  two  years  to  two  years  and  a  half,  so  that  in 
their  scientific  attainments  they  ought  easily  to  equal  the 
candidates  for  extra  master  or  extra  chief  engineer  in  Eng- 
land.    Therefore,  though  from  a  mercantile  marine  institution 
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no  one  would  exix'ct  still  lii<^lior  instructions,  3-ct  if  tlio  cur- 
riculum of  tliis  institution  is  compared  with  those  of  the 
naval  educational  institutions  of  similar  gi'ade,  the  attainments 
in  mathematics  are  found  to  be  much  below  the  latter,  and 
in  order  to  supplement  this  defect,  either  the  fj;rade  of  tlie 
entrance  examination  must  l)e  raised  and  admission  restricted 
to  the  graduates  of  middle  schools,  or  else  tlie  number  of 
daily  lessons  must  be  increased  in  favor  of  mathematical 
studies  and  gi-eater  exeiiion  must  be  made  to  diill  the 
cadets  in  practical  exercises,  or  perhaps  some  other  technical 
institutions  of  learning  must  be  provided  with  more  advan- 
ced standing  and  transfen'ing  the  mathematical  department 
thither,  it  must  be  allowed  to  follow  its  own  natural  develop- 
ment. 

The  following  quotations  are  added  for  reference  to  serve 
for  comparing  the  number  of  hours  devoted  to  the  instruc- 
tion in  mathematics  in  the  Shosen-Gakko,  with  that  of 
other  institutions   of  similar  natm*e. 

In  this  institution  cadets  recite  their  lessons  under  the 
charge  of  the  instructors  for  the  same  number  of  hours  as 
those  devoted  to  lectures. 
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APPENDIX. 

DETAILED  TOPICS  OF  INSTRUCTION 
IN  ALGEBRA. 

Numbers. 

Integers  and  fractions — Positive  and  negative  numbers — 
Rational  and  iiTational  numbers — Sm-ds,  real  and  complex 
(luantities — Approximate  calculation  of  square  root  and  cube 
root — Theory  of  surds — Square  root  of  a+Vb  — Square  root 
of  a  complex  number— Cube  root  of  unity — Conjugate  surds 
— Cube  root  of  a+Vh  — Surd  root  of  an  equation. 

Indices  and  Logaeithms. 

Laws  of  indices — Logarithms — Theory  of  logarithms — 
Characteristic  and  ]Mantissa — Logarithmic  taljles — Slide  rule 
— Change  of  logarithmic  base — Exponential  equation — 
Entropy  of  water — Adiabatic  expansion  of  saturated  steam. 

Ratio  .vnd  Proportion. 
Ratio — Theory    of    ratio — Proportion — ^ Variation — Graph. 

Progressions. 

Ai'ithmetical  progressions — Geometrical  progressions — 
Hjirmonical  progi'essions — Series  formed  liy  squares  of  natmal 
numljers — Series  formed  by  cubes  of  natural  immljers — Eiiid- 
ing  logarithms  by  geometrical  progi'ession. 

Choice  and  Ch.\2sCe. 

Choice — Permutations — Combinations — Theory  of  combi- 
nations— Prcjbability — Probability  of  compound  events. 
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BlNOIMIAL   AND   MULTINOMTAr,  Tlfl'.OllKM. 

Biuomial  theorem  for  positive  integral  index — Euler's 
generalization  of  Innomial  theorem — A]>proximato  value  of 
y^o  ±l> — Multinomial  theorem — Terrestial  magnetism. 

Interpolation. 

Newton's  formula — Stirling's  formula — Bessel's  formuLi — 
Simple  interpolation — Summation  of  series. 

Variation  of  Axgebraic  Functions. 

Quadratic  expressions — Cubic  expressions — Maxima  and 
minima. 

Solution  or  Equations. 

Graphical  solution — Newton's  method — Horner's  method 
— n*^'  root  of  anj'  number — Solution  of  equation  by  interpo- 
lation— Solution  of  quadratic  equation — Cardan's  method  of 
solving  cubic  equation — Euler's  method  of  solving  biquadi'a- 
tic  equation — Another  method  of  solving  cubic  equation— 
Another  method  of  solving  of  biquadratic  equation. 

Indeterminate  Coefficients. 

Rational  integral  function — Comparison  of  two  rationa 
integi'al  functions — Partial  fraction — Summation  of  series — 
Solution  of  equation  by  series. 

LimTiNG  Values. 


Limiting  values — Lim^^a —  Lim^ 


x  —  a  "~^-     71"' 

Base  of  Napierian  logarithm — Area  and  volume — Area  of 
paraboLi — Volume  of  paraboloid — -Volume  of  ellipsoid — Pris- 
moidal  formuhi — Moment  of  inertia — Statical  moment — Bino- 
mial theorem — Expansion  of  sin  6  and  cos  tf. 


14  SCHOOLS  UNDER  THE  [akt.  xv. 

Exponential  and  Logakithmtcj  Sekies. 

Exponential    series — Logarithmic    series — Calculation     of 

Logarithms — Relation  between  common  logarithm  and  Nape- 

rian  logarithm — -Theory  of  proportional  i^arts — Expansion    of 

solid — Atmospheric  pressure — Isotliermal  expansion  of  steam. 

Divergency  and  Conveegency  of  Sehies. 
Preamble— Divergency  and  couvergency  of  series — Theory 
of  divergency  and  couvergency  of  series — Application. 

Deteejviinant. 

Definition — Tlieorems — Expansion  of  determinant — Multi- 
X)li cation  of  diterminants — -Solution  of  simultaneous  linear 
equations — Elimination — Kesolution  of  homogeneous  quadratic 
expression  of  x,  y,  z  into  two  linear  factors — Solution  of 
simultaneous  quadratic  equations. 


DERI^^ED  Function. 

Definition  of  a  function  and  its  derived  function — Theorem 
concerning  functions  and  their  derived  functions — Derived 
functions  of  simple  functions — Prime  functions. 

DETAILED   TOPICS   OF  INSTPtUCTION  IN 
SPHEPtlCAL    TPJGONOMETKY. 

Relation  between  the  sides  and  angles  op  a 
sphericalrl  right-angled  triangle. 

Object  of  spherical  tiigonometi-y — Formulae  relating  to 
the  sides  and  angles  of  a  spherical  triangle — Com^olementary 
triangle — Najpier's  circular  p;u"ts— Formulae  for  quadrantal 
triangle. 

Solution  of  right-angled  Trlaxgle. 
Classification    of  solutions    of  right-angled   triangle — Pre- 
cautions to  be  taken  for  solving  right-angled   triangle — Tw^o 
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sidas  given — Two  angles  given — Hypotenuse  and  a  side 
given — Hypotenuse  and  an  angle  given— A  side  and  an 
adjacent  angle  given — A  side  and  the  opposite  angle  given 
— Solution  of  quadrantal  triangle. 

Relations  between  the  Sides  and  .An^gij^s  of  a 
Spherical  Triangles. 

Relation  between  three  sides  and  an  angle — Relation  bet- 
ween three  angles  and  a  side — Relation  between  sides  nnd 
the  angles  opposite  to  them — Relation  between  three  sides 
and  two  angles  or  two  sides  and  tlu'ee  angles — Relation  Ijet- 
ween  two  sides,  the  included  angle  and  an  opposite  angle 
— Formulae  of  a  spherical  triangle  found  hj  orthogonal  pro- 
jection— Formulae  of  a  spherical  triangle  found  by  transfor- 
mation of  axes — Napier's  analogies — Delarabre's  analogies — 
Formulae  for  spherical  triangles — Similarity  of  plane  and 
spherical  figures — Tlu'ee  points  on  a  great  circle. 

Solution  of  obuque-angled  tfjan'gles. 
Classification  of  solutions  of  an  oblique-angled  triangle — 
Tliree  sides  given — Tlu-ee  angles  given — Two  sides  and  the 
included  angle  given — Two  angles  and  the  included  side 
given — Two  sides  and  an  opposite  angle  given — Two  angles 
and  a  opposite  side  given — Cauchy's  solution — Spherical 
traverse  tables. 

Approximate  Value  op  an  Element  and  salill  Variations 
IN  the  Elements  of  a  Spherical  Triangle. 

Sine  and  cosine  of  a  small  angle  and  small  variations 
of  sine  and  cosine  of  any  angle — Approximate  value  of  the 
opposite  side  of  a  small  angle  in  a  splierical  triangle — Ap- 
proximate values  of  sides  of  a  spherical  triangle,  one  of 
which  is  small — Relation  of  small  variations  of  a  side  and 
the  opposite  angle  of  a  spherical  triangle  having  the  two 
remaining  sides  constant — Relation  of  small  variations  of  an 
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angle  and  the  opposite  side  of  a  sj^lierical  triangle  having 
the  two  remaining  sides  constant — lielation  of  small  varia- 
tions of  twt)  sides  of  a  spherical  triangle  having  the  tliird 
side  and  its  opposite  angle  constant — Relation  of  small 
variations  of  a  side  and  the  opposite  angle  to  quadrant  of 
a  qvmdrantal  triangle  having  the  other  sides  constant. 

Ship's  Course  and  DISTA^'CE. 

Object  of  navigation — Length  of  parallel  of  latitude — 
Parallel  sailing — Middle-latitude  sailing — Mercator's  chart 
and  gnomonic  chart — Mercator's  sailing — Great  circle  sailing. 

Position  of  Hea^-enly  Bodies  and  Apparent 
Motion  of  the  Sl'n. 

Apparent  position  of  heavenly  bodies — Celestial  sphere 
and  parallax — Horizon,  vertex,  nadir,  and  horizontal  paral- 
lax—Axis and  ix)les  of  the  heaven — Vertical  circles  and  meri- 
dian— Altitude  and  zenith  distance — Corrections  of  altitude 
— Azimuth  and  amplitude — Celestial  equator — DecHnation  and 
ix)lar  distance — Hour  angle — Geograpliical  position  of  heaven- 
ly bodies — Line  of  j)osition — Correction  for  sun — Equinoxes 
and  solstices — Right  ascension — Celestial  latitude  and  longi- 
tude— Retardation  of  vernal  equinox — Different  kinds  of  years, 
days  and  time — Mean  sun — Equation  of  time — Conversion  of 
different  measures  of  time. 

Azimuth,  Hour-Angle  and  Altitude  of 
Heaatnly  Bodies 

Azimuth  and  hour  angle  of  heavenly  bodies  found  by 
altitudes — Lecky's  altitude-azimuth  tables — Mean  time  found 
by  hour  angle — Azimuth  of  heavenly  Ixxly  found  by  hour 
angle — Time-azimuth  tables — Hour  angle  of  heavenl}'  bodies 
found  by  azimuth — Hour  angle  of  heavenly  bodies  found  by 
altitude  and  azimuth — EiTor  of  hour    angle — Lecky's   ABC 
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tables — Hour  a.n*j;lo  of  risiii}^  or  settiu«^  aud  amplitiido  of 
heavouly  bodies — -Hour  angle  of  lieavenlj  bodies  iu  .prim(^ 
vertical — Abbreviated  method  of  tinv^-altitudc^ — E({uation  of 
ef[ual  altittides — Altitude  fouud  by  hour  angle — Yariatiou  of 
altitude  in  short  time — Azimuth  of  heavenly  bodies  found 
by  variation  of  altitude — Hour  angle  of  heavenly  Ixjdies  found 
b3'  variation  of  altitude — Hour  angle  and  altitude  of  heavenl}' 
bodies  found  by  stereogi'aphic  chart. 

Position  or  8hip. 

Latitude  —Latitude  found  l)y  merictian  altitude  of  heaven- 
ly bodies — Latitude  found  by  exmeridian  altitude  of  heaven- 
ly bodies — Latitude  found  by  altitude  of  pole  star — Longi- 
tude—Longitude found  by  lunar  distance — Position  of 
ship  found  1)y  double  altitudes ;  I.  Pvoly's  method,  H, 
Ijalande's  metliod,  HI.  Pohnson's  method,  IV.  Summer's 
method. 

MiSCELLAKEOUS   PR0BIJ3MS. 

Maximum  azimutli  of  heavently  bodies — The  most  favou- 
rable time  for  determining  hour  angle  by  altitude  of  heaven- 
ly bodies — celestial  latitude  and  longitude  found  by  declina- 
tion and  right  ascension — Twilight — Hour  angle  at  maximum 
altitude  of  heavenly  bodies — Convergency  of  meridian — Dif- 
ference in  rhumb  bearing  found  in  Mercator's  cliart  and  true 
bearing  of  a  certain  object — A  few  practical  problems — Hall's 
nautical  slide-rule — Application  of  Lecky's  tables — Errors  of 
sextant. 

DETAHjED  topics  of  INSTPtUCTION  IN 
ANALYTICAL  GEOMETEY. 

CuRM3  Teacixg  and  Positions  of  Points. 

Curve  tracing — Object  of  analytical  geometry — Axes  and 
co-ordinates  of  a  point — Co-ordinates  of  a  point  in  a  straight 
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line  joining  two    |X)ints  divided    in  a  given    ratio — Distance 
of  two  points. 

Equation  of  Straight  Line  and  Cur^t?:. 

Equations  of  loci — Equation  of  a  straight  line — Equation 
of  a  circle — Equation  of  an  ellipse — Equation  of  a  liyperlx>la 
— Equation  of  a  paral)ola. 

Straight  Line. 

Equation  of  a  straight  line — Friction — Logarithmic  co- 
ordinates— Rope  friction — Saturated  steam — Perpendicular  on 
a  given  straight  line  from  a  given  point — Intersection  of  two 
straight  lines — Equation  of  straight  line  through  the  intersec- 
tion of  two  straight  lines — Condition  that  three  straight  lines 
are  concurrent — ^Problems  in  triangle — Problems  in  i^arallel 
lines — Problems  in  loci. 

Transformation  op  Axes  and  Classification 
of  qu^vdratics. 

Transformation  of  axes — Classification  of  quadratics  by 
the  form  of  their  equations — Classification  of  quadratics  by 
the  value  of  their  eccentricity. 

PoiAR  Equation. 
Polar  co-ordinates — Relation  between  polar  and  Cartesian 
co-ordinates — Polar  equation  of  a  straight  line — Polar    equa- 
tion of  a  cirle — Polar  equation  of  a  conic — Pi'oblems  involv- 
ing focal  chords  of  a  conic. 

Tangent  and  Normal  of  a  Conic. 

Tangent  line — -Equation  of  tangent  to  a  x)arabola — Equation 

of  tangent  to  a  central  conic — Equation   of  normal — Subtan- 

gent  of  a  parabola — Subnormal    of  a   parabola — Direction  of 

tangent  of  a  parabola — Searcli  light — Intersection  of  a  normal 
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of  an  ellips(^  witli  tlio  axes — Figiiro  of  oartli — Jloduccd  lati- 
tude— Porpendicalars  to  a  tangent  fi'om  the  foci  of  an  ellipse 
— Central  orbit — Orbit  of  the  earth — Anomalies — Two  tan- 
gents from  a  given  point  to  a  conic. 

Miscellaneous  Theorems  on  Oonics. 

Pole  and  ]X)lar — Diameters — Equation  of  a  parabobi,  refer- 
red to  any  diameter  and  the  tangent  at  its  vertex — Secants 
of  a  conic  passing  through  a  given  point — Conjugate  diameters 
— Eccentric  angle  of  an  ellipse — Ileljition  between  eccentric 
angles  at  the  extremities  of  conjugate  diameters — Length  of 
conjugate  diameters — Parallelograms  formed  by  conjugate 
diameters — -Equation  of  an  ellipse,  referred  to  conjugate  dia- 
meters— Conjiigate  hyperbola — Asymptotes — Rectangular  h}'- 
perbola — Equation  of  hyperbola,  referi'ed  to  asymx)totes — 
Asymptotes  and  tangents— Area  of  a  parabola  of  the  n"'  de- 
gi'ee — Area  of  a  parabola  — Adiabatics — Area  of  a  hyperbohi 
— Isothermals — Stefim  jacket — Radius  of  curvature — Equation 
of  a  conic,  referred  to  a  tangent  and  the  normal. 

Teansendental  Cr inT.s. 

Cycloid — Trochoid — Epicycloid  and  llypocycloid^ — ^Log- 
arithmic  spiral — Catenary. 

fSTiiAiGHT  Lines  and  Planes  tn  Si'ac];. 

Co-ordinates  of  a  point — Distance  to  n  gi^en  \yoh\i  from 
the  origin — Direction  cosines  of  a  straight  line — Distance  of 
two  jxjints — l^fCjuation  of  a  straight  line  passing  through  a 
given  point  and  drawn  in  a  gi^en  direction — E({uation  of  a 
straight  line  through  two  given  ix)ints — Angle  between  two 
straight  lines — Etjuation  of  a  plane  in  terms  of  the  length 
and  the  direction  of  the  perpendicular  u|K)n  it  from  the 
origin — Equation  of  a  j)lane  in  terras  of  the  intercej>ts  which 
it  makes  on  the  axes— Angle  between  two  intei"secting  planes 
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— Paj-allels  and  i^erpeiidicalars  to  a  given  plane  ov  straight 
line — Distance  from  a  given  point  to  a  given  plane — Condi- 
tion tliat  a  straight  line  lies  on  a  plane  —  Shortest  distance 
between  two  straight  lines — Intersection  of  two  straight  lines. 

Surfaces  of  tht.  Second  Degree. 

Classification  of  surfaces  of  the  second  degi-ee — Sphere — 
Cylindrical  surface  — Conical  surface — Ellipsoid — Hyperboloid 
— Paraboloid — E({uation  of  tangential  plane  to  a  surface  of 
the  second  degi*ee — Principal  radii  of  curvature  at  any  point 
of  a  surface  of  the  second  degi'ee — Principle  of  Bourdon's 
pressm'e  gauge — Helix. 

DETAILED  TOPICS  OF  INSTRUCTION  IN 
CALCULUS. 

.  [Navigation  Department] 

Object  of  calculus — Difierentiation  of  x" — Variation  of 
algeblaic  expressions — Integi'ation  of  x"dx  and  its  applica- 
tion— Center  of  buoyancy  and  ship's  stability — Sti-ength 
of  beam  and  sliaft — Planimeter — Differentiation  of  <;''  and 
log  X,  and  the  inverse  operation — Expansion  of  solids — 
lielation  between  atmospheric  j)i"essure  and  height — T^iffer- 
entiation  of  complicated  functions — Differentiation  of  trigo- 
nometrical functions — Problems  on  tangents  of  a  curve — Pro- 
blems in  maxima  and  minima — Order  of  infinitesimals, 
differentials  and  differential  co-efficients — Taylor's  theorem, 
]Maclaurin's  theorem  ;  and  their  applications — Fourier's  tlieorem 
and  compass  deviation — Curvature  of  a  curve — Nautical  mile 
and  the  length  of  a  minute  of  meridian — l^^n-oi's  of  I'elative 
(quantities — Introduction  to  the  method  of  leji.st  s(piares — 
Magnetic  coefficients  found  by  the  method   of  least  squares — 

Integi-ation  of  ,  — ;-,  etc. — AiTangement  of  needle 

!      ya^  —  x'      ci'-j-x' 

on    the     card —Integration — Meridional     parts — Refraction — 

Central  orbits. 
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DETAIT.ED  TOPICS  OF  INSTKUCTION  IN 
CALCULUS. 

[EiigiueeriHg  Depjirtmcut] 

Differentiation. 

Object  of  calculus — Functions  and  their  continuity — In- 
dependent and  dependent  variables — Derived  functions  and 
differential  coefficients — Increments  and  differentials — Dif- 
ferentiation of  simple  functions — DiffereJitiation  of  the  sum — 
Differentiation  of  the  product — Differentiation  of  the  quotient 
— Differentiation  of  a  function  of  a  function — Logarithmic 
differentiation. 

Application  of  Differentlvl  Calculus. 

Watt's  parallel  motion — Parallel  motion  of  beam  engine- 
Coefficients  of  expansion — lu^uations    of  tangent   and  normal 

—  Sul)tangent  and  subnormal — Angle  between  a  tangent  and 
the  radius  vector — Relation  between  the  speed  of  piston  and 
tliat  of  crank — Connecting  rod  for  transmission  of  power — 
Maxima  and  minima  of  a  function — Maximum  speed  of 
piston — Peclet's  theory  of  chimney  draught. 

Integration. 

Integi"ation — Precaution  to  be  taken  in  integrating— Inte- 
gi'aiion  of  simple  functions — Integration  by  substitution — 
Integration  by  parts — Litegration  of  rational  fractions— Re- 
duction formulae  for  x'"{a  -\-hv")'' — Integi'ation  of  algebraic 
iiTational  functions — Integration  of  b'igonometrical    functions 

—  lle(lu(?tion  formulae  for  trigonometrical  functions — Definite 
integi'ation — Integration  regarded  as  summation — ^^Theorems 
on  definite  integrals — Definite    integrals. 

Applications  of  Integration. 

Length  of  a  curve — Area  of  a  plane  figure— Simpson's 
Rule — Pbinimeter — -Integi'al  cur^'e  and  integraph — Volume  of 
a  solid — Prismoidal  formula — Siuiace   of  revolution— Statical 
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moment — Moment  of  inei'tia — Center  of  gi'nvity — Guldinns's 
theorem — Moments  of  inertia  of  an  area  with  respect  to 
X)arallel  axes — The  total  j)ressure  of  water  and  its  center — 
Ship's  stabilit}' — Yel(X!ity  of  a  hody  moving  with  constant 
acceleration  and  the  space  described  by  it — Discharge  of 
water  at  constant  level — Discharge  of  water  from  a  tank — 
Hushing  in  of  sea  water  into  a  ship  through  a  hole — Burst- 
ing force  of  steam  against  the  boiler — Isothermnl  expansion 
of  steam — Adiabatic  expansion  of  steam — Damage  of  fly- 
wheel due  to  centrifugal  force — Friction  on  belt  or  rope — 
Friction  on  flat  pivot — Friction  on  journal — Newton's  1/iw  on 
ccx)ling-efticiency  of  heating  surface  of  a  boiler — Efflux  of 
gases — Bernouilli's  theorem— LaAv  of  comparison  with  refor- 
rence  to  ship's  resistance. 

Successive  and  1*artlvl  Differentials. 

Successive  differentials  and  successive  differential  coeffi- 
cients— Velocity  and  acceleration  of  a  piston — Concavity  and 
convexity  of  a  curve — Curvature  of  a  curve  and  the  radius 
of  curvature — Points  of  inflexion  on  a  curve — Leibnitz's  theo- 
rem— Maclaurin's  theorem — Gradient  of  numerical  values  of 
functions  oljtained  from  experiment — Taylor's  Theorem — 
Maxima  and  minima  of  a  function— Indeterminate  forms — 
Asj'mptotes  of  a  curve — l*artial  dift'erentials  and  total  diff- 
erential— Theorems  on  ])artial  differential  C(x?fficients — Exten- 
sion oi  Taylor's  tlieorem — Implicit  functions — Envelope — 
Tangent  plane  of  a  surface — Tangent  line  and  osculating 
X>lane  of  a  tortuous  curve — C'urvature  of  tortuous  cmwe — 
Change  of  state  of  perfect  gases  according  to  the  change  of 
quantity  of  heat — Entropy  of  gases — ]^]i7itro]\y  of  li(]uid — 
Entropy  of  steam — Temperature — Entropj'  diagi-am  of  water 
and  steam. 

MULTIFLE    lNTE(iltATION. 

Successive  integi'ations — Accelerating   motion —  llectilinear 
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motio)!  ill  resisting  medium — Miixirauin  l)eii(liii>j;  moment 
;ind  deflection  of  a  fixed  beam — Sliip's  rolling  —  Clape.yron's 
theorem  on  three  moments  of  a  continuous  beam — Multiple 
integration. 

Differential  Equations. 

• 

CLissification  of  differential  e<][uations— Diiferential  equa- 
tions of  the  first  order  and  the  first  degi-ee — Homogeneous 
(^]uations — Total  differential  txiuations — Integrating  factors — 
Differential  equations  of  the  first  order  and  higher  degrees — 
Singular  solutions — Differential  e(|uations  of  the  second  order 
— Differential  equations  of  higher  order — Diiferential  equations 
with  constant  coefficients — Solution  of  differential  equations 
in  series — Simultaneous  differential  equations — Simultaneous 
differential  equations  with  three  variables — Partial  differential 
equations — Problems  on  tangents  and  normals — Variation  of 
electric  current  due  to  self-induction — Euler's  formula  on  the 
strength  of  column — Lame's  formula  on  the  strength  of  thick 
cylinder — Periodic  waves  in  deep  sea. 


THE  TEACHING  OF  MATHEMATICS 

TX 

The  TraindsCt  School  for  Officials  in  the  Dei-artmI'-a't 
OF   Communications. 

1.     SYSTEM  OF   THE  TRAINING   SCHOOL  FOR   OFFICIALS 
IN  THE  DEPARTMENT  OF  COMMUNICATIONS. 

The  training  scliool  for  officials  in  the  department  of 
commnnications  is  the  place  where  technical  instruction  is 
given  to  the  officials  employed  in  the  department  of  com- 
munications. It  consists  of  a  school  of  administration,  of  a 
technical  and  an  electric  communication  department.  The 
chief  object  of  the  school  of  administration  is  to  teach  its 
pupils  how  the  administration  of  the  department  of  com- 
munications is  conducted.  The  technical  department  is 
intended  chieflj'  to  teach  the  science  of  telegraphy,  telephony 
and  electric  power,  and  the  main  purpose  of  the  electric 
communication  department  is  to  give  advanced  instruction 
in  the  technique  of  communication  by  electricity. 

The  complete  course  of  instruction  in  the  school  of  admi- 
nistration and  in  the  technical  department  comprises  two 
years  each,  and  in  the  electric  communication  department 
one  year.  The  course  of  instruction  in  the  school  of  admi- 
nistration and  in  the  technical  department  is  divided  into  a 
theoretical  and  a  x^i'i-ctical  term.  One  year  and  a  half  are 
devoted  to  the  former,  and  the  remaining  half  year  is  as- 
signed to  the  lattei".  In  the  school  of  administration  the 
I^ractical  course  is  taken  n^  first,  and  the  theoretical  studies 
Liter  on ;  whereas,  in  the  technical  department  this  order  is 
reversed ;  moreover,  the  theoretical  period  is  divided  into 
tlu'ee  terms  of  six  months  each. 
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In  tlie  schcK)!  of  udministrntioii  only  students  "wlu)  l)_v 
their  gtxjd  record  dnrhig  the  practieal  t<M]n  are  d<'emed  fit 
for  faiiher  instruction  are  allowed  to  pm"sue  their  theorecticl 
coui'se  ;  nnd  in  the  teclmical  depaiinient  oidy  those  are  allow- 
ed to  graduate,  wlio  are  making  a  good  sho\\'ing  throughout 
their  experimental  term. 

Candidates  for  the  school  of  administration  and  the 
technical  coui-se  must  be  not  less  than  seventeen  and  not 
more  than  twenty  five  years  of  age,  employes  of  the  d(^i)ai"t- 
ment  of  communications  as  well  as  other  young  men  are 
ehgible  to  undergo  an  entrance  examination  of  niiddlc  school 
grade  in  the  following  Ijranches. 

1.  Japanese  language. 

2.  English. 

3.  Mathematics  (Arithmetic,  Algebra  and  Geometry). 

4.  Geograph}'  and  History'. 

5.  Natural  science. 

The  graduates  of  the  governmental  or  public  middle 
schools  or  of  schools  which  are  deemed  by  the  department 
of  education  to  bo  of  equal  standing,  may  be  exempted  from 
the  examination  in  branch  No.  o  of  the  above  schedule  for 
entrance  into  the  i^chool  of  administration  and  in  branch 
No.  4  for  entrance  into  the  technical  deimrtment. 

Candidates  for  the  com-se  in  electric  communications  must 
be  not  less  tlian  sixteen  and  not  more  than  twenty  four 
yeai'S  of  age  and  must  have  had  experience  in  the  Jictual 
service,  of  some  branch  of  electric  communications  either 
during  six  consecutive  months  immediately'  preceding  the 
time  of  application  or  for  more  tlian  a  yeai-  at  some  previous 
time. 

The  enti-ance  examination  for  tlio  coui-se  in  electric  com- 
munications comprises  the   following  studies. 

1.  Japanese  language. 

2.  English. 

3.  Mathematics. 
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4.     Tlie  technique  of  electric  communication. 

The  graduates  of  the  governmental  and  public  middle 
schools  and  of  those  schools  which  arc  deemed  by  the  de- 
partment of  education  to  be  of  equal  standing  may  l^e  ex- 
empted from  the  examination  in  the  study  mentioned  in 
No.  B  of  the  above   schedule. 

Those  who  by  their  entrance  examination  are  qualified 
as  competent,  whether  they  be  officials  in  the  department  of 
communications  or  not,  are  engaged  as  non-salaried  employes. 

These  apprentices  receive  a  monthly  payment  of  ten  yon 
to  cover  their  expenses,  except  that  such  as  are  selected  from 
among  the  officials  of  tlie  communitions  department  may 
have  this  amount  increased  up  to  fifty  per  cent. 

Graduates  of  this  institution  are  bound  to  serve  the 
Department  of  Communications  for  five  years. 

2.    PURPOSE  AND  SUBJECT  MATTER  OF  THE 
INSTRUCTION  IN  MATHEMATICS. 

The  purpose  of  the  mniliematical  instruction  in  the  school 
of  administration  at  this  institution  is  to  train  the  pupil  in 
tlie  use  of  the  soroban.  In  the  technical  course  it  is  to 
teach  them  the  various  calculations  required  in  telegi-aj^hy, 
telephony,  electric  traction  etc.  and  to  give  them  a  knowl- 
edge of  mathematics  sufficient  to  enable  them  to  comprehend 
the  principles  of  the  various  formulae ;  and  in  the  electric 
communication  course  to  teach  the  mathematics  necessary  in 
the  study  of  electric  communications  ;  therefore,  the  object  of 
the  mathematical  instruction  given  in  this  institution  is 
chiefly  of    a  x^ractical    nature  rather    than  strictly    scientific. 

The  schedule  of  the  courses  of  study  in  mathematics  and 
mechanics,  and  of  the  distribution  of  periods    is  as  follows  : 

The  coiu'se  of  mathematical  instruction  in  the  school  of 
administration. 

Calculation  :  15  hours. 

Soroban-calculation. 
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Aiitlinu'ticiil  sh(irt-outs. 

The  Oourso  of  matliomatical  Instraction  in  tlic  Technical 
De])nrtmont. 

Algebra  and  geomcti-y  :  <)0  liours. 

Practical  drill  in  algebi-a,  fi'oni  tiic  beginning  to  quad- 
ratic e(|uations  inclusive ;  the  whole  of  plane  geometry;  both 
these  branches  being  of  the  middle  sc1io(j1  grade  ;  mcjreover  in 
algebra :  ratio,  proportion,  permutation,  combination,  binomial 
theorem,  series,  convergency  and  divergency  of  series,  un- 
determined coefficients,  partial  fractions,  interxwlation,  deter- 
minants, solution  of  simultaneous  cpiadratic  equations,  alge- 
l)raic  solution  of  equations  of  the  third  and  fourth  degree, 
approximation,  numerical  solution  of  equations  of  a  higher 
degree,  maximum  and  minimum  of  algebraic  expressions  ai'e 
lectured  upon  and  practiced.  In  geometry,  the  practical 
X^roblems  relating  to  hues,  area,  volume  and  so  forth  ju'e 
given. 

Trigonometry  :  58  hours. 

Introduction,  mefxsurements  of  angles,  angles,  circular 
measurements,  trigonometrical  functions,  relation  of  trigouomet- 
rical  functions,  trigonometrical  functions  of  double  and  half 
Jingles,  value  of  trigonometrical  functions  of  particular  angles, 
trigonometrical  functions  of  angles  of  any  size,  variation  of 
values  of  ti-igonometiical  functions,  tiigonometrical  functions 
of  the  sum  and  diflerence  of  two  angles  ;ind  tlioorems  derived 
therefrom,  use  of  tables  of  logarithms  and  of  trigonometricjil 
functions,  proper-ties  of  triangles,  solution  of  triangles,  heights 
and  distances,  invei-se  ti'igonometi-ical  functions,  De  Moivrc's 
theorem,  evolution  of  mimbers,  summation  of  scries  of  trigo- 
jiometrical  functions,  vectors. 

Analytical  geometry  :  20  hours. 

Descartes'  co-ordinates,  prt)ljlems  in  distances,  area  (jf 
rectilinear     figiu-es,    i,X)lar    co-ordinates,    loci    (straight    line, 
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circle,  piraliola,  liyperbola,  spiral,  logarithmic  spiral  etc.), 
transformation  of  co-ordinates,  equation  of  straight  lines, 
theorems  on  straight  lines,  equation  of  circle,  tangents  and 
normals  on  circle,  equation  of  pai'abola,  simj)lo  propeiiies  of 
l^arabola,  area  of  parabola,  Simpson's  rule,  deflection  of 
suspended  wire,  equjition  of  ellipse  and  hyperbola,  equation 
of  tangents  and  their  normals,  conjugate  diameters,  equation 
of  ellii^se  and  hyperbola  refen-ed  to  conjugate  diameters, 
asymptotes,  rectangular  hypei'bolii,  tliree  dimension  co- 
ordinates, direction  cosines,  angle  between  two  intersecting 
lines. 

Differential  and  integi'al  calculus  :         43  hours. 
Function,  continuity  and  discontinuit}'  of  function,  defini- 
tion of  differentials,    diiferential  coefficient  and  derived  func- 
tion   of     function,    diiferential    coefficients    of    sums,   product 
and  quotient    of  functions,  differentiation  of  function  of  fmic- 
tion,  differentiation  of  inyerse  function,   differential  coefficient 
of  power  of  function,    exponential  function,  logarithmic  func- 
tion, circular  function,  inverse  circular  function  etc.,  exercise 
in  calculating  differential  coefficients,   integration,  integi'ation 
of  rational  expressions,  integration    of  expressions  containing 
the     square    root    of    quadratic     expressions,    integration    of 
ordinary  transcendental  functions,  integrntion  by  substitution, 
integi'ation  by  -pn,vif>,  exercise  in  integration,  definite  integi'al, 
successive  differentiation,  Taylor's  theorem,  Maclaurin's  theo- 
rem, exx^aiision  of  series,  exponential  series,  Euler's  theorem, 
logarithmic    series,    calculation   of    logarithms,    expansion    of 
circular  functions,  inverse  circular  functions  and  other    func- 
tions, calculation    of    tt,  ]:)roperties    of    cuitcs,  calculation    of 
line  and  area,  use  of  x^lani  meter,  volume,  center    of  gi'avity, 
moment  of  intertia,  radius  of  gyration,  maximum  and  mini- 
mum   of  function,  solution    of  simple    differential    equations, 
Foiu'ier's  series ;  application  to  potential,  attraction,  oscillation, 
electi'ic  capr.city,  coefficient  of  induction,  voltage,  cmTent  etc. 
Dj'namics  :   two  hours  per  week   during  the  second  term. 
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Laws  of  motion,  rectilinoar  motion,  circular  motion,  ccn- 
tiifugal  force,  simple  harmonic  motion,  sim])le  i)endulum, 
coucuiTent  forces,  comxx)sition  of  ]>arallel  forces,  centroid  of 
parallel  forces,  centi-e  of  gravity,  equilibrium  of  co-planar 
forces,  equilibrium  of  rigid  bodies,  motion  of  rigid  bodies, 
translation,  rotation,  moment  of  inertia,  radius  of  gyration, 
compound  pendulum,  work  and  laws  of  energy ;  stable, 
neutral  and  unstable  erpiilibrinm,  ecinilibrium  and  motion 
of  bodies  in  friction,  simple  machines,  strain,  stress  and 
elasticity  etc. ;  catenaiy,  deflection  of  suspended  wire, 
strength  of  structm-es,  deflection  of  beams,  shear,  torsion 
and  wind  pressure  etc.  ;  flow  of  water,  pressure  of  mr)\ing 
water. 

The  Course  of  Mathematical  Instruction  in  the  Electric 
Communications  Department. 

The  mathematical  standing  of  pupils  admitted  to  this 
department  comprises  the  entire  arithmetic  of  the  middle 
school  grade  up  to  the  solution  of  equations  of  the  first 
degree  in  algebra. 

Algebra  :  37  hours. 

Explanation  of  terms,  addition,  sul  )tractioii,  multiplication 
and  division  of  integral  expressions,  factoring,  solution  of 
simultaneous  equations  of  the  first  degi'ee,  and  of  quadratic 
equations  and  fractional  calculations. 

Geometry  :  32  houi-s. 

Angles,  straight  lines,  parallel  lines,  triangles,  parallelo- 
gi-ams,  theorems  on  areas  of  rectilinear  figures,  properties  of 
circle  and  tangent,  problems,  properties  of  circle  concerning 
areas,  co-relation  of  circles,  construction  of  regular  polygons, 
mtio,  proportion,  similar  figures. 

Trigonometry  :  19  houi-s. 

INIeasurement  of  angle,  angles,  circular  measurements, 
definition  of  circular  functions,  relation   of  circuLir  functions, 
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circuLir  functions  of  30'^,  45'^,  60°  etc.,  circular  functions 
of  double  and  half  angles,  use  of  tables  of  logarithms  and  of 
circular  functions,  solution  of  ti'iangles,  simple  surveying. 
To  sum  np ;  in  the  electric  communications  department 
the  x^i^i'pose  is  to  give  the  pupils  the  necessary  mathematical 
knowledge  required  for  simple  calculations  concerning  electric 
communications,  and  for  the  understanding  of  the  underlying 
principles. 

3.     EXAMINATIONS 

Though  mid-yeai'  and  final  examinati(^ns  take  x^ki^^e  at 
the  end  of  each  term  or  of  the  entire  course,  now  and  then 
special  examinations  are  given  and  their  rating  is  taken  into 
consideration,  in  computing  the  results  of  the  term  and  of 
the  final  exixminations. 

4.     METHOD  OF  INSTRUCTION. 
The  method  of  instruction  consists  in  first  explaining  the 
X)rinciples  and  tlien  giving  practical  exercises  in  order  to  let 
the  j)npils  acquire  as  much  practical  knowledge  as   possible. 

5.  FUTURE  PROSPECTS. 
The  general  trend  of  technical  schools  is  to  lay  gi'eater 
stress  upon  strict  technicalities  and  their  direct  accessories, 
so  that  tlie  fundamental  principles  upon  which  those  technical 
problems  are  Imsed  are  often  slighted.  Although  in  this  insti- 
tution there  is  no  defect  of  this  nature,  yet  the  scarcity  of 
time  is  felt  in  some  respects,  and  especially  in  analytic 
geometry.  Therefore  if  efforts  be  made  to  increase  tlie 
immber  of  hours  as  far  as  possible  it  is  believed  that  better 
results  are  very  likely  to  be  secured. 
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